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Radiation  producing  damage  to  the  eye  and  skin;  basic  and  applied  studies  on 
blood  and  blood  products  storage;  work  performance  on  man  and  military  dogs; 
and  research  computer  science.  The  progress  made  in  this  fiscal  year  is  des- 
cribed in  the  reports  of  the  work  units  presented. 


FOREWORD 


The  research  conducted  at  the  Letterman  Army  Institute  of  Research 
Presidio  of  San  Francisco,  California,  was  accomplished  in  Fiscal  Year 
1977  under  the  following  Department  of  the  Army  projects: 

1A161101A91C  - In  House  Laboratory  Independent  Research 

1M1 hi 102BS02  - Basic  Mechanisms  of  Recovery  from  Injury 

1M762772A810  - Military  Skin  Disease 

!M7b2772A8ll  - Military  Nutrition  and  Food  Hygiene 

1M762772A812  - Military  Research  Animal  Resourses 

1E762772A813  - Health  Effects  of  Military  Lasers 

1S762772A814  - Military  Trauma  and  Resuscitation 


Projects  are  subdivided  into  work  units  and  studies,  as  appropriate, 
to  accomplish  project  objectives. 

In  conducting  the  research  described  in  this  report,  the  Investigators 
adhered  to  the"Cuide  for  the  Care  and  Use  of  Laboratory  Animals,"  as  pro- 
mulgated by  the  Committee  on  Revision  of  the  Ouide  for  Laboratory  Animals 
Facilities  and  Care  of  the  Institute  of  Laboratory  Animal  Resources,  Na- 
tional Research  Council. 


TABLE  OF  CONTENTS 


'S'  ^ 


h 


l 

H 


Page 


I 


' 


i 


3A161101A91C 

- In-House  Laboratory  Independent  Research 

040 

The  Molecular  Basis  of  Vitamin  A Activity 

1 

042 

Long  Term  Cryopreservation  of  Platelets  for 

Immediate  Field  Use 

6 

043 

The  Effect  of  Gastrointestinal  Hormones  on 
Gastrointestinal  Function 

14 

044 

Influence  of  Stress  and  Environment  on  the  Nutrition 
and  Metabolism  of  Military  Personnel 

1 

19 

045 

Development  of  a Model  Host  System  of  American 
Cutaneous  Leishmaniasis 

25 

051 

Influence  of  Shock  on  Excretory  Function  of  the  Liver 

31 

060 

Vitamin  D,  Calcium  and  Phosphorus  Metabolism 

36 

3M161102BS02 

- Basic  Mechanisms  of  Recovery  from  Injury 

055 

Design  and  Support  of  Military  Biomedical  Research 
Information  Systems 

44 

056 

Biochemical  Basis  of  Nutrition,  Disease  and  Recovery 
in  Military  Personnel 

51 

057 

Nutritional  Physiology  in  Health  and  Prevention  of 
Injury  in  the  Military 

57 

061 

Disease  Mechanisms  at  the  Cellular  Level 

63 

062 

Response  of  the  Respiratory  Systems  to  Injury 

74 

065 

Military  Stress  and  Combat  Effectiveness 

79 

066 

Physical,  Chemical  Characteristics  of  Human  Stratum 
Corneum 

89 

067 

Biochemical  Mechanisms  of  Pathogenesis  in  Fungal 

Skin  Infections 

96 

070 

Influence  of  Nutrients,  Hormones  and  Related 

Substances  on  the  Recovery  from  Injury 

101 

Table  of  Contents  (Cont) 


071  The  Metabolic  Response  of  Muscle  to  Injury,  Exercise, 


and  Diet  in  Health  and  Disease  106 

072  Mathematical  and  Computer  Support  of  Military 

Biomedical  Research  111 

075  Investigation  of  Cell-Free  Resuscitating  Solutions  120 

3M762772A810  - Military  Skin  Disease 

001  Prevention  of  Fungal  Infections  of  the  Soldiers 

Skin  129 

002  Prevention  of  Skin  Disease  Caused  by  Environ- 
mental Assaults  on  Skin  140 

003  More  Effective  Topical  Repellents  Against  Malaria  - 

Bearing  Mosquitoes  146 

004  Biochemical  Studies  on  Prevention  and  Control  of 

Skin  Disease  in  Military  Personnel  153 

006  Skin  Diseases  Among  Soldiers  161 

010  Microbial  Interactions  on  Healthy  and  Infected 

Skin  of  Soldiers  169 

015  Development  of  Improved  Insect  Repellents  for 

Military  Use  174 

016  Diagnosis  and  Prevention  of  Leishmaniasis 

in  Military  Personnel  187 

3M762772A811  - Military  Nutrition  and  Food  Hygiene 

001  Nutrition  Studies  in  Support  of  DOD  Food  Program  196 

002  Nutritional  Requirements  of  Military  Personnel  in 

Health,  Injury  and  Disease  215 

003  Analytical  Biochemistry  228 

004  Military  Food  Hygiene  233 

005  Radioisotope  Support  for  Military  Medical  Research  260 


vi 


Table  of  Contents  (Cont) 


010 

The  Metabolic  Response  of  Hepatic  and  Extra  - 
Hepatic  Tissues  to  Dietary  Substances,  Drugs 
and  Hormones  In  Health  and  Disease 

264 

on 

The  Metabolic  Responses  of  the  Gastrointestinal 

Tract  to  Dietary  Substances,  Drugs  and  Hormones 

In  Health  and  Disease 

271 

3M762772A812 

- Military  Research  Animal  Resources 

001 

Studies  to  Assure  a Supply  of  Nonhuman  Pri- 
mates for  Research 

277 

002 

Development  of  Military  Research  Animal 

Resources 

292 

003 

Improvement  of  Health  and  Effectiveness  of 

Military  Dogs 

308 

004 

Animal  Models  for  Surgical  Repair  of 

Musculoskeletal  Structures 

312 

024 

Neurobehavioral  Investigations  of  Military  Trauma 

320 

3E762772A813 

- Health  Effects  of  Military  Lasers 

021 

Determination  of  Threshold  Data  from 

Coherent  and  Incoherent  Radiation  Sources 

326 

022 

System  Developer  Assistance  Studies  in 

Laser  Bioeffects 

332 

025 

Biological  Investigations  In  Prediction  and 
Protection  Against  Coherent  Radiation 

343 

3S762772A814 

- Military  Trauma  and  Resuscitation 

001 

In  Vitro  Metabolism  of  RllCs  Stored  in  CPD 
with  193.1  raM  Glucose  and  2.05  mM  Adenine 

351 

002 

In  Vitro  Metabolism  of  G6PD  Deficient  Erythro- 
cytes Stored  in  CPD  Adenine  Anticoagulant 

355 

003 

Preservation  of  2,3  - DPG  in  Red  Cells 

Subjected  to  Extended  Liquid  Storage 

358 

vii 


Table  of  Contents  (Cont) 


Page 

004  CPD  - Adenine  Clinical  Trials  363 

005  Evaluation  of  DEHP  (di-2-ethylhexyl-phthalate) 

Disposition  in  Primates  (Including  Man)  368 

006  The  Toxicity  of  Adenine  When  Used  in  Blood 

Anticoagulant  Solution  374 

007  Development  of  a Rapid  Systen  for  Assessing 

Blood  Anticoagulant  - Nutrient  Preservatives  379 

003  Anesthetic  Management  and  Perioperative  Care  of 

the  Acutely  Wounded  Soldier  334 

009  Metabolic  Support  Following  Combat  Injury  391 

010  Systemic  Factors  in  the  Prevention  of  Wound 

Complications  Following  Combat  Trauma  400 

011  Problems  in  Abdominal  Trauma  404 

012  Studies  in  Pulsatile  Extracorporeal  Circulation  411 

013  Effect  of  Blood-Oxygen  Affinity  During 

Experimental  Hemorrhagic  Shock  and  Hypoxemia  417 

014  Care  of  the  Combat  - Injured  Eye  423 

Appendix  A Publications  - Fiscal  Year  1977 

Laboratory  Reports  - Medical  and  Scientific 

Journal  Publications  428 

Appendix  B Directory  of  Officers  and  Senior  Professional 

Staff  441 

Distribution  List  430 


viii 


RESEARCH  ANO  TECHNOLOGY  WORK  UNIT  SUMMARY 


• *•••(«  *cc« 


Mf««r  cournot  itvh 

OI>  PK4f(4N»*.«« 


I Mtl  IwVtf 

76  10  01 


i n»n  •<*  c iMMkMM*  k'Ww* 

(U)  Th«  Molecular  Baala  of  Vitamin  A Activity  (06) 


OOO  l«VK>« 


78 


MMOMMiit  oattaiitiM 


let  terras n Ar av  Institute  of  Research 
Presidio  of  San  Francisco,  CA  94129 

IU  * * 


imCMviOu*k 


Canham,  J.E.,  COL,  NC 
fltlFlXHit  415-561-3600 


1-etterman  Army  Institute  of  Research 

Biochemistry  Division 

Department  of  Nutrition 

Presidio  of  San  Francisco,  CA  94129 

t-wmuuiii  r i «.uw.  »■*#<*•*«•■» 

«**••  Sauberllch,  N.K.,  DAC 
’ih'mm  415-561-4323 


lltOiUtl  iNVIIOd*UUt| 


Foreign  Intelligence  Not  Applicable 


Bashor,  M.M.,  nAC 


(U)  Vitamins;  (U)  Vitamin  A;  (U)  Retinol;  (II)  Military 
uLiltiQiu  1UX  Vitamin  A.  Matahallaa;  miVltaaln  A Functional  (10  Military  Medicine 

tliMSIvU  I'MkliVl  * 14  4SWWt(N,  14  I FS*»Us4  M )«'  »<’*««  *»  <ss»«  Mil  s«  M<k  si*  |«.Hiia  I tst«l*«*Nm>  I 


23.  (It)  The  function  of  vitamin  A,  aside  from  its  participation  In  vision,  resuilne 
unknown;  yet  the  effects  of  a deficiency  of  vitamin  A are  marked  and  diverse.  Of 
military  interest  Is  Its  apparent  participation  In  resistance  to  Infection  and  stress 
and  Its  requirements  In  wound  healing.  Vitamin  A Is  also  responsible  for  normal 
keratlnitatlon  in  epithelial  tissues.  In  order  to  provide  a better  rationale  for  the 
use  of  vitamin  A and  Its  requirements.  Investigations  will  he  conducted  on  vitamin  A 
functions  at  the  molecular  level.  The  studies  will  be  designed  to  determine  the 
specific  tissue  functions  of  vitamin  A and  Its  active  form. 

24.  (U)  Studies  will  be  conducted  on  the  involvement  of  vitamin  A on  sulfur  amino 
acid  metabolism  and  sulfation,  on  membrane  carrier  lipids,  on  ervthrocvtes  and  membrane 
functions,  on  wound  healing  and  Infection,  on  amino  acid  Incorporation  and  entyme  syn- 
thesis, and  on  DNA  and  RNA  metabolism.  Studies  will  use  tissue  culture  techniques, 
cellular  blocking  agents,  labeled  substrates,  electron  microscopy,  and  other  methods. 

25.  (U)  76  10  - 77  09  Column  chromatographic  techniques  are  being  developed  and 
employed  to  (1)  Isolate  and  purify  human  retinol  binding  protein  (RRF)  for  use  In 
studies  of  wound  healing,  and  (2)  prepare  Immunochemical  assays  for  RRF  to  provide 
nutritional  and  toxicological  evaluations.  Cell  culture  systems  are  being  Investigated 
as  useful  alternatives  to  the  more  conventional  and  expensive  whole-animal  studies. 
Results  suggest  that  vitamin  deficiencies  can  be  Induced  in  animal  cell  cultures  even 
though  undefined  animal  sera  must  be  Included  In  the  growth  medium. 
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ABSTRACT 


PROJECT  SO. 


3A161101A91C 


In-llouse  Laboratory  Independent 
Research 


WORK  UNIT  NO.  040 


The  Molecular  Basis  of  Vitamin  A 
Activity 


The  following  investigation  has 


been  conducted  under  this  work  unit: 


STUDY  NO.  2 


Development  of  a microf luorometric 
assay  for  vitamin  A 


At  the  present  tine  the  most  commonly  employed  assay  for  vitamin  A 
(retinol)  is  based  on  a colorimetric  procedure  whereby  the  vitamin  is 
extracted  into  an  organic  solvent  and  reacted  with  trif luoracetic  acid 
in  the  presence  of  chloroform  and  acetic  anhydride  to  produce  a blue 
color,  the  intensitv  of  which  is  proportional  to  the  concentration  of 
the  vitamin  A.  Problems  associated  with  this  procedure,  relevant  to 
this  project,  are  the  large  sample  required  and  the  use  of  the  highly 
volatile,  inflammable,  and  expensive  organic  solvents.  A direct  raicro- 
f luorometric  procedure  was  recently  described  in  the  literature.  The 
procedure  relies  on  the  enhancement  of  the  fluoresence  of  retinol  when 
it  is  bound  to  its  serum  transport  protein,  retinol  binding  protein 
(RBP).  We  have  compared  fluoresence  determinations  made  on  a number  of 
plasma  samples  with  vitamin  A determinations  made  by  a colorimetric 
method  as  well  as  with  immunological  determinations  of  plasma  RBP.  Such 
studies  indicate  that  a good  correlation  exists  between  the  two  methods. 

The  direct  microfluorometric  method  does  not  require  extensive  sample 
preparation  or  extraction  and  less  than  50  ul  of  sample  are  required. 

It  is  necessary  to  run  a fluorescence  excitation  spectrum  of  each  sample 
to  insure  that  samples  containing  interfering  substances  can  be  identified. 
The  peak  of  fluorescence  by  tyrosine  and  tryptophan  of  the  plasma  pro- 
teins at  292  nm  excitation  does  not  interfere  with  the  peak  of 
retinol-RBP  fluorescence  at  335-340  nm.  Preliminary  results  of 
ion-exchange  and  gel  fi’tration  f rationat ions  of  human  plasma  indicate 
that  there  may  exist  in  plasma  a protein,  distinct  from  RBP  which 
neverthless  has  a f luoresecence  excitation  spectrum  similar  to  RBP. 
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BODY  OF  REPORT 

WORK  UNIT  NO.  040  The  Molecular  Basis  of  Vitamin  A 

Activity 

STUDY  NO.  2 Development  of  a microf luororoetric 

assay  for  vitamin  A 

PROBLEM 

Vitamin  A is  essential  for  maintaining  vision,  skeletal  development, 
reproductive  capacity,  and  normal  differentiation  of  many  epithelial 
tissues  (skin,  trachea,  etc.).  With  the  exception  of  the  role  of 
vitamin  A as  the  light-sensitive  prosthetic  group  of  Che  visual  pig- 
ments, the  mechanism(s)  of  action  is  (are)  not  yet  known.  This  lack 
of  basic  knowledge  has  undoubtedly  hindered  the  development  of  new 
therapies  involving  vitamin  A.  Recent  progress  in  the  vitamin  A 
field  has  led  to  the  use  of  derivatives  of  the  vitamin  for  the  effec- 
tive treatment  of  cancer  in  tissues  of  epithelial  origin.  The 
importance  of  vitamin  A nutrition  in  wound  healing,  resistance  to 
infection,  coping  with  stresis,  and  vision  makes  this  an  area  of 
research  obviously  important  to  the  military  forces.  The  development 
and  evaluation  of  a rapid  sensitive  assay  for  vitamin  A are  necessary 
for  both  practical  applied  studies  as  well  as  for  experimental  studies 
of  the  mechanism(s)  of  action  of  vitamin  A. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

At  present  the  methods  of  evaluating  vitamin  A status  are  limited  to 
immunochemical  detection  of  retinol  binding  protein  (RBP)  or  extraction 
of  retinol  from  plasma  into  an  organic  solvent  followed  by  spectrophoto- 
raetric,  f luorometrlc,  or  colorimetric  determinations.  Some  of  the 
f luororoetric  methods  published  provide  for  the  interference  due  to  a 
fluorescent  carotene  (phy tof luene)  but  ignore  the  interference  due  to 
quenching  by  the  colored  carotenes.  We  have  shown  that  beta-carotene 
can  quench  fluorescence  by  more  than  90S  depending  upon  its  concentra- 
tion. Other  procedures  published  in  the  literature  ignore  the  effects 
of  both  fluorescent  contaminants  as  well  as  compounds  which  quench  the 
fluorescence  of  retinol.  A few  procedures  recommend  the  separation 
of  retinol  from  contaminants  by  column  chromatography.  Of  the  fluores- 
cent methods  tried  in  this  laboratory,  two  seem  to  offer  the  best 
results.  One  method  involves  the  extraction  of  retinol,  followed  by 
chromatography  on  silicic  acid.  This  sequence  is  rather  laborious  but 
does  separate  retinol  from  both  phytof luene  and  beta-carotene.  While 
this  method  is  reproducible  on  a saraple-to-sample  basis,  on  any  given 
day,  the  dav-to  day  variation  in  recovery  of  retinol  varies  between 
85  to  98"  (although  it  is  reproducible  on  a given  day).  This  requires 
that  standards  must  be  run  with  great  care  each  day.  A second  fluoro- 
metric  method  which  is  currently  being  evaluated  is  a direct  fluoro- 
metric  method  whereby  the  sample  of  plasma  is  diluted  in  buffer  and 


L 


( 


C he  fluorescence  Is  dlrectlv  measured.  This  is  possible  since  the 
fluorescence  vteld  of  retinol  is  increased  when  it  is  bound  to  its 
transport  protein  RBP.  The  fluorescence  spectrum  of  RBP,  as  well  as 
diluted  plasma  containing  RBP,  lias  a distinctive  pattern,  with  peaks 
at  2^2  nm  (due  to  tvrosine  and  tryptophan)  and  335-340  nn  due  to 
retinol.  We  have  found  a linear  relationshin  between  plasma  concentra- 
tion and  fluorescence  at  335  nm  over  a wide  range  of  concentrations. 
Routinelv  we  use  25  pi  of  plasma  diluted  100-fold  with  normal  saline. 
Such  a dilution  should  eliminate  interference  due  to  carotenes.  There 
still  exists  in  some  plasma  samples  a substance  or  substances  which 
alter  the  shaoe  of  the  flourescence  spectrum  to  such  a degree  that  an 
estimation  of  the  retinol  concentration  is  not  possible  bv  measuring 
the  flourescence  at  335  nm.  It  is  therefore  neccssarv  to  run  a snec- 
t rum  of  each  sample  to  insure  that  a "normal"  profile  is  being  measured. 
It  has  long  been  known  that  retinol  is  light  sensitive  and  it  is  this 
characteristic  that  has  been  used  as  the  basis  of  a soectronhotometric 
assav  for  retinol  as  follows.  The  vitamin  is  extracted  into  an  appro- 
priate organic  solvent,  evaporated  to  drvness,  redissolved  in  a small 
volume  of  solvent  and  the  absorbance  read  before  and  after  irradiation 
with  ultraviolet  light.  The  difference  in  readings  is  divided  bv  the 
extinction  coefficient  for  retinol  to  obtain  the  concentration  of 
retinol  in  the  extract.  It  has  been  shown,  however,  that  there  are 
other  substances  present  in  such  extracts  which  also  absorb  at  325  nm, 
and  which  are  also  destroyed  bv  ultraviolet  irradiation.  Experiments 
in  this  and  other  laboratories  have  shown  that  retinol  bound  to  RBP 
is  protected  to  a certain  extent  against  ultraviolet  destruction. 

Under  specified  conditions  it  mav  require  10  h of  illumination  to 
destrov  the  retinol  in  plasma,  but  onlv  1 to  2 h to  accomplish  this 
in  a hexane  extract.  Although  irradiation  of  plasma  for  10  h elimi- 
nates the  fluorescent  peak  at  335  nm,  the  background  fluorescense 
nevertheless  remains  quite  high  (and  constant)  between  approximately 
330-380  nm.  This  suggests  that  it  mav  be  more  appropriate  to  measure 
the  fluorescence  intensity  of  the  samples  before  and  after  irradiation 
and  relate  the  difference  in  these  two  readings  to  the  content  of 
retinol.  Efforts  should  also  be  made  to  identify  the  source  of  the 
background  fluorescence.  Chromatographic  isolation  of  RBP  for  the 
purposes  of  setting  up  radial  immunodiffusion  assavs  for  the  protein 
and  to  obtain  purified  RBP  for  studies  on  wound  healing  suggest  that 
at  least  one  other  protein  is  present  in  human  plasma  with  a fluor- 
escence excitation  spectrum  similar  to  RBP.  Experiments  are  underwav 
to  Isolate  and  identify  this  protein  and  to  determine  what  interference, 
if  any,  it  mav  impart  to  the  microf luorometric  orocedure. 

CONCLUSION 

A direct  microf luorometric  assav  for  retinol  appears  suitable  for 
plasma  and  serum  vitamin  A determinations. 


RECOMMENDATIONS 


! 


! 

1 


M 


1.  Work  sliould  be  continued  with  microfluorometric  retinol  assay 
to  determine  whether  or  not  an  Interfering  protein  exists  In  human 
plasma. 


2.  Work  should  be  continued  on  RHP  purification  to  support  recom- 
mendations 1 and  3 and  to  prepare  antisera  and  hence  a radial 
immunodif fusion  assay  for  plasma  RHP. 

3.  Tissue/organ  cultures  studies  should  be  initiated  in  support 
of  work  to  be  done  on  the  metabolism  of,  and  the  effects  of,  RHP 
on  wound  healing. 
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23.  (U)  Massive  transfusion  of  stored  blood  following  severe  combat  injuries  leads  to 
dilutional  thrombocytopenia  and  increased  bleeding  secondary  to  the  lack  of  platelets. 
Platelet  transfusions  can  correct  this  defect,  but  conventional  liquid  platelet  preser- 
vation is  impractical  for  field  use  since  platelets  are  not  viable  if  stored  for  more 
than  72  hours.  This  study  explores  methods  for  freezing  platelet  concentrates  so  they 
may  be  preserved  indefinitely  and  infused  without  time-consuming  washing  procedures. 

24.  (U)  Studies  are  in  three  areas:  a)  trials  of  combinations  of  cryoprotective  agents 
and  precise  lteezing  and  thawing  rates  which  will  satisfactorily  preserve  platelet  func- 
tion and  viability;  b)  establishment  of  in  vitro  and  in  vivo  animal  tests  which  will 
predict  clinical  effectiveness  in  humans;  and  c)  establishment  of  the  conditions  for 
preparing  platelet  concentrates  which  will  maximize  platelet  yield  and  prevent  the  loss 
of  large  platelets,  which  are  known  to  resist  injury  better  than  small  platelets. 

25.  (U)  76  10  - 77  09  a)  In  vitro  testing  of  124  different  cryoprotective  combinations 
have  been  performed,  and  16  combinations  seem  satisfactory.  After  considerable  delay, 
thi  liquid  nitrogen  freezer  was  acquired  and  tests  performed  to  define  and  control  the 
variables  for  reproducible  freezing  curves.  Of  the  16  cryoprotected  platelet  concen- 
trates which  were  frozen  at  2 C/min,  5 showed  satisfactory  post-thaw  in  vitro  viability. 

b)  In  vitro  platelet  tests  of  metabolic  Integrity  have  been  re-evaluated  and  a more 
sophisticated  kinetic  analysis  of  serotonin  and  chromium  uptake  is  being  undertaken. 

In  vivo  animal  tests  are  being  standardized  prior  to  evaluation  of  frozen  platelets. 

c)  Platelet  concentrates  are  routinely  prepared  to  optimize  platelet  yield  and  preserve 
the  fraction  of  large  platelets. 
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042 

l.ong  Term 
lets  tor 

Crvopreservat ion  ol  Plate 
limned  late  Field  Use 

The  tol lowing  Investigations  are  being  conducted  under  tills  Work  Unit: 

STUDY  NO.  I Cryoprcscrvat ion  st  rat  eg  l os 

STUUY  NO.  2 In  vitro  v tali  1 1 1 ty  / 1 mu't  i on  tost  Inn 

STUDY  NO.  I Nontuiman  In  vitro  viability  amt  funot Ion  tost  Inn 

STUDY  NO.  4 Max  lrnizat  Ion  ol  platelet  barvost 

Massive  trails  Ins  l on  ot  stored  blood  I ol  low  inn  sovoro  combat  injur  I os 
loads  to  dllut  tonal  t lit'ombooytopoula  mid  Increased  bloodlnn  sooondary 
to  tho  laok  ill  platolots.  l’latolol  1 rans  I ns  Ions  ran  oorroot  this 
dotoot,  but  oonvont  lonal  liquid  storage  ol  platolots  is  linpraot  loal 
for  I told  uso  slnco  platolots  art1  only  vlablo  whon  storod  lor  loss 
than  72  hours.  Studios  undor  this  work  unit  oxploro  mot  hods  lor  I reez- 
inn  platolot  oonoont rat  os  so  that  t hoy  may  bo  prosorvod  indo t In  1 1 o 1 v 
and  Inlusod  without  t ttiio-ooiisumlnn  washing  procedures. 

Four  In  vitro  tosts  havo  boon  roportod  In  tho  lltoraturo  to  oorrolato 
with  post -t rans t us  Ion  "viability"  (tho  ability  t o olroulato):  soro- 
tonin  uptako,  morphology  sroros,  chromium  uptake,  and  osmotic  shook 
resistance.  Alter  preliminary  evaluation,  tho  I list  2 In  vitro  tosts 
wore  chosen  to  evaluate  platolot  concentrates  exposed  to  freezing  aild/oi 
cryopreaerv.it  Ion . One  hundred  twenty-tour  different  combi  nations 
of  penetrating  and  nonponot rat  lug  oryoproloel ivo  agents  havo  boon 
tested.  Sixteen  ol  those  showed  satisfactory  in  vitro  test  results. 
Those  lt>  have  boon  frozen  at  a rate  ot  2 0 per  min  to  -80  C and  then 
Immediately  thawed  In  a 17  0 water  bath.  Five  dlttoront  crvoprolec- 
tlve  agent  combinations  havo  shown  satisfactory  post-thaw  in  vitro 
platelet  viability  tost  results. 

Preliminary  evaluation  showed  serotonin  uptako  to  be  the'  most  dis- 
criminating in  vitro  tost.  It  became  clear,  however,  that  this  test 
deserved  a more  In-depth  study.  The  kinetics  ot  serotonin  uptake  are 
being  subjected  t o further  study  in  an  el  fort  t o characterize  more 
tully  serotonin  uptake  in  fresh  platelets  and  to  gain  further  under- 
standing Into  the  types  ot  lesions  caused  bv  ervopreservat Ives . 

An  in  vivo  animal  model  tor  testing  platelet  viability  has  been  pre- 
pared and  appears  to  be  promising.  Further  testing  has  been  limited 
by  lack  of  personnel. 
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Platelet  concentrates  are  now  being  prepared  routinely  so  that 
is' V‘“r  more  active  Platelet, 


BODY  OF  REPORT 


WORK  UNIT  NO.  042 

STUDY  NO.  1 

PROBLEM 


Long  Term  Cryopreservation  of  Plate- 
lets for  Immediate  Field  Use 

Cryopreservation  strategies 


Following  massive  transfusions  for  severe  combat  injuries,  thrombocy- 
topenia is  the  most  common  cause  of  generalized  bleeding.  While  this 
bleeding  may  be  prevented  by  platelet  transfusions,  conventional 
liquid  storage  of  platelet  concentrates  is  limited  to  72  h at  room 
temperature  and  to  24  h at  4 C.  For  field  use  outside  of  CONUS,  these 
time  limits  are  too  restrictive  to  provide  effective  support  for  com- 
bat forces.  The  objective  of  this  work  unit  is  to  develop  strategies 
for  preserving  platelets  indefinitely  in  the  frozen  state  so  that  they 
may  be  infused  immediately  after  thawing.  Current  methods  of  platelet 
cryopreservation  employ  cryoprotective  agents  that  are  toxic  in  the 
concentrations  used  and  hence  require  extensive  post-thaw  manipulation 
and  washing.  This  study  seeks  to  exploit  the  synergistic  effects  of 
different  nontoxic  cryoprotective  agents.  All  of  the  studies  of  this 
work  unit  relate  to  this  objective. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS 


Combinations  of  up  to  6 different  cryoprotective  agents  were  systemati- 
cally evaluated.  Their  immediate  toxic  effect  was  assessed  by  measur- 
ing in  vitro  serotonin  uptake  rate  and  morphology  scores.  One  hundred 
twenty-four  combinations  were  tested,  and  16  showed  morphology  scores 
greater  than  70%  and  serotonin  uptake  rates  of  greater  than  40%  of  fresh 
controls.  These  16  were  then  frozen  at  a rate  of  2 C per  min  to  -80  C, 
and  5 showed  satisfactory  in  vitro  results.  Other  freezing  rates  re- 
main to  be  tested.  A major  problem  encountered  with  this  phase  was  the 
irreproducibility  of  the  freezing  tracings.  Considerable  effort  has 
been  spent  to  standardize  and  control  the  multiple  variables  involved 
in  freezing  human  platelets. 

CONCLUSIONS 


Development  of  new  combinations  of  cryoprotective  agents  require  sys- 
tematic empirical  investigation.  It  is  not  possible  thus  far  to  pre- 
dict the  effect  of  adding  or  subtracting  single  agents  to  cryoprotec- 
tive agent  combinations. 

RECOMMENDATIONS 


In  vitro  and  in  vivo  "viability"  tests  should  be  improved  (STUDY  NO.  2). 
With  these  refinements,  it  should  be  possible  to  evaluate  new  combina- 
tions of  cryoprotective  agents  and  choose  several  with  the  greatest 


promise.  Platelets  preserved  with  these  cryoprotective  combinations 
should  be  considered  for  testing  in  humans. 

PUBLICATIONS 

None 

STUDY  NO.  2 In  vitro  viability/function  testing 

PROBLEM 

The  objective  of  this  study  is  to  develop  an  in  vitro  system  for  asses- 
sing the  metabolic  integrity  of  cryopreserved  platelets. 

RESULTS  AND  DISCUSSION  OK  THE  RESULTS 

Four  different  methods  for  measuring  in  vitro  platelet  metabolic  in- 
tegrity have  been  evaluated  and  tested  with  fresh  and  damaged  platelets: 
a)  osmotic  shock  resistance,  b)  1 4C-serotonin  uptake,  c)  J‘chromium 
uptake,  and  d)  platelet  morphology  index.  Serotonin  uptake  rate  and 
morphology  scores  were  chosen  since  they  were  the  most  reproducible. 
After  testing  the  various  cryoprotective  agents,  it  became  clear  that 
an  even  more  discriminating  and  sensitive  test  was  required.  Further- 
more, these  tests  did  not  provide  insight  into  the  nature  of  the  toxic 
effect  on  the  platelets.  Serotonin  uptake  was  re-evaluated,  and  the 
conditions  changed  so  that  the  kinetics  of  serotonin  uptake  could  be 
fully  characterized  with  a mathematical  model.  Serotonin  uptake 
kinetics  are  now  undergoing  extensive  investigation  in  order  to  under- 
stand and  evaluate  the  in  vitro  toxicity  from  cryoprotective  agents. 

CONCLUSIONS 


Chromium  uptake  and  osmotic  shock  resistance  are  not  useful  because  of 
erratic  and  irreproducible  results.  Measurement  of  serotonin  uptake 
rate  is  highly  reproducible  and  serotonin  uptake  kinetics  are  amenable 
to  mathematical  modeling.  Serotonin  uptake  kinetics  appear  to  be 
promising  as  an  in  vitro  test  of  platelet  metabolic  integrity.  Mor- 
phology score  is  a rapid  procedure  that  can  be  used  to  screen  combina- 
tions of  cryoprotective  agents  for  toxicity. 

RECOMMENDATIONS 


The  kinetics  of  serotonin  uptake  should  be  evaluated  further.  Response 
of  serotonin  uptake  kinetics  to  the  metabolic  effect  of  specific  pharma- 
cologic toxins  should  be  evaluated.  Ultimately,  the  utility  of  these 
in  vitro  tests  to  predict  in  vivo  platelet  survival  should  be  evaluated 
in  animal  models  and  in  man. 
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PUBLICATIONS 

None 

STUDY  NO.  3 Nonhuman  in  vivo  viability  and  func- 

tion testing 

PROBLEM 

Conventional  tests  of  platelet  metabolic  integrity  and  function  cor- 
relate only  roughly  with  clinical  effectiveness.  Animal  models  must 
be  developed  to  verify  the  usefulness  of  cryopreserved  platelets 
prior  to  any  trials  in  man.  The  animal  model  proposed  employs  a rab- 
bit t irst  rendered  thrombocytopenic  and  then  exposed  to  a small  wound 
in  the  Jugular  vein.  Correction  of  the  prolonged  bleeding  time  and 
measurement  of  normal  life  span  of  transfused  human  platelets  are  the 
desired  end  points. 

RESULTS  AND  DISCUSSION  OK  THE  RESULTS 

Preliminary  work  on  this  rabbit  model  has  been  completed.  A procedure 
for  performing  jugular  vein  bleeding  time  has  been  developed.  In  non- 
thrombocytopenic animals,  bleeding  time  is  approximately  2 to  3 min 
and  Increases  to  greater  than  30  min  when  the  platelet  count  is  less 
than  10,000/pl.  Thrombocytopenia  can  be  consistently  produced  by  in- 
jecting platelet  antiserum  produced  in  a sheep.  Busulfan  has  also 
been  used  to  produce  thrombocytopenia.  The  methods  for  producing 
reticuloendothelial  blockade  are  not  yet  perfected  and  have  caused 
death  in  several  animals. 

CONCLUSIONS 


This  rabbit  model  seems  promising  as  an  in  vivo  nonhuman  model  for 
platelet  function.  Thrombocytopenia  can  be  produced  but  reticulo- 
endothelial blockade  requires  further  study. 

RECOMMENDATIONS 

This  animal  model  should  be  evaluated  further.  A safe  and  effective 
system  for  blocking  the  reticuloendothelial  system  should  be  developed. 
Eol lowing  this,  fresh  human  platelets  should  be  transfused  and  then 
their  function  and  survival  measured.  After  the  function  and  survival 
of  fresh  human  platelets  are  determined,  cryopreserved  platelet  con- 
centrates should  be  tested. 


PUBLICATIONS 
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Maximization  of  platelet  harvest 
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STUDY  NO. 


PROBLEM 

Large  platelets  are  heavier  and  more  active  metabolically  and  function- 
ally than  small  platelets.  The  preparation  of  platelet  concentrates 
involves  differential  centrifugation  which  may  remove  the  large  heavy 
platelets.  To  Insure  optimal  platelet  concentrates,  specific  prepara- 
tory methods  must  avoid  the  loss  of  large  platelets  and  maintain 
platelet  size  distribution  (PSD) . In  order  to  develop  baseline  data 
to  determine  accurately  optimal  preparation  and  storage  manipulations, 
the  effects  of  various  anticoagulants  on  platelets  from  normal  donors 
were  investigated. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS 


No  further  work  on  this  study  has  been  done  during  this  fiscal  year. 
Table  1 in  last  year's  report  has  been  revised. 

CONCLUSIONS 

Platelet  concentrates  prepared  by  centrifuging  whole  blood  at  approxi- 
mately 660  x g for  8 minutes  (first  spin),  and  3200  x g for  8 minutes 
(second  spin)  appear  to  be  optimal.  These  procedures  preserve  the  base- 
line PSD  and  insure  both  the  optimum  yield  and  function  of  the  platelet 
concentrate . 


TABLE  1 

Characteristics  of  the  Platelet  Size  Distribution 


Average*  Range* 


Geometric  Mean  Cell  Volume  (fl) 

5.82 

4.78 

7.46 

Geometric  Standard  Deviation  (fl) 

1.73 

1.64 

1.83 

Geometric  Coefficient  of  Variation 

(2) 

31.2 

27.4 

34.2 

Arithmetic  Mean  Cell  Volume  (fl) 

6.76 

5.43 

8.61 

Arithmetic  Standard  Deviation  (fl) 

3.90 

2.85 

4.83 

Arithmetic  Coefficient  of  Variation 

(%) 

58.0 

52.2 

62.0 

Geometric  Coefficient  of  Skewness 

-0.012 

-0.348 

0.189 

Arithmetic  Coefficient  of  Skewness 

1.540 

1.048 

1.920 

Geometric  Coefficient  of  Kurtosis 

-0.113 

-0.338 

0.064 

Arithmetic  Coefficient  of  Kurtosis 

3.109 

1.009 

5.715 

Median  Cell  Volume  (fl) 

5.84 

4.75 

7.75 

Megathrombocytes  (%) 

8.10 

2.54 

16.08 

Thrombocrit  (%) 

0.160 

0.096 

0.222 

*Average  and  range  for  the  parameters  of  the  PSD  in  43  healthy  subjects. 
Blood  was  collected  in  balanced  citrate. 
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recommendations 


1 


Baseline  data  developed  in  this  study  should  be  translated  into 

preparation  and  evaluation  of  techniques  for  preparing  Jutllet  con 
centrates  for  cryopreservation.  h p ng  Matelet  con- 
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23.  (U)  Dietary  substances  cause  changes  in  enzyme  activities  in  the  small  intestine. 
Dietary  substances  cause  the  release  of  numerous  hormones  from  the  gastrointestinal 
(Cl)  tract.  The  Cl  hormone,  gastrin,  has  a trophic  action  on  the  small  intestine. 

In  the  absence  of  gastrin  the  small  intestine  atrophies  and  dlsaccharidases  decrease 
in  activity.  It  is  possible  that  dietary  substances  affect  small  intestinal  enzymes 
via  the  stimulation  of  gastrin.  Healing  of  combat-incurred  GI  tract  injury  may  be 
facilitated  by  the  administration  of  gastrin. 

24.  (U)  The  effect  of  gastrin  on  small  intestinal  enzymes  of  the  partially  gastrecto- 
mized  dog  will  be  studied.  Appropriate  analysis  will  be  done  to  ensure  that  the  animal 
is  gastrin  deficient.  Various  chemical  forms  of  gastrin  will  be  used  to  determine  if 
small  Intestinal  enzyme  activity  is  increased.  The  response  to  dietary  substances 
with  and  without  gastrin  will  be  tested.  If  gastrin  is  effective,  other  hormones  of 
the  Cl  tract  will  be  tested. 

25.  (U)  76  10  - 77  09  Studies  demonstrate  the  feasibility  of  maintaining  a partially 

gastrectomized  dog  in  sufficiently  good  health  so  that  tissue  from  the  small  intestine 
can  be  obtained  on  a periodic  basis  for  analysis.  If  gastric  resection  is  too  drastic, 
the  small  size  of  the  resulting  stomach  makes  food  intake  insufficient  to  maintain 
weight.  If  too  little  of  the  stomach  is  removed,  the  animal  will  not  become  gastrin- 
deficient.  A cutaneoduodenal  fistula,  created  by  mobilizing  a segment  of  duodenum, 
has  obviated  problems  which  were  encountered  previously  with  a duodenal  cannula.  A 
method  of  repeated  duodenal  biopsy  via  the  fistula  has  been  applied  successfully. 
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ABSTRACT 


PROJECT  NO.  3A161101A91C  In-House  Laboratory  Independent 

Research 

WORK  UNIT  NO.  043  The  Effects  of  Gastrointestinal 

Hormones  on  Gastrointestinal 
Function 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 In  vivo  study  of  the  role  of  gastrin  in  the  control 
of  small  intestinal  mucosal  enzymes  on  the  dog 

Gastrin,  a polypeptide  hormone,  synthesized  in  the  gastric  antrum,  has 
trophic  effects  on  the  small  intestine  in  rats.  Gastrin  deficiency  due 
to  absence  of  enteral  food  or  antral  tissue  leads  to  gastrointestinal 
atrophy.  If  the  trophic  effect  of  gastrin  is  required  for  normal 
Intestinal  protein  synthesis,  then  gastrin  deficiency  (resulting  from 
gastric  or  intestinal  resection)  will  lead  to  abnormal  protein  and 
enzyme  synthesis  and  subsequent  abnormal  gastrointestinal  function. 

The  acutely  injured  soldier  with  abdominal  injuries  requiring  gastric 
or  intestinal  resection  may  be  gastrin  deficient  and  consequently 
postoperative  gastrointestinal  function  may  be  favorably  influenced  by 
gastrin  therapy.  We  plan  to  study  the  effects  of  gastrin  on  intestinal 
glycolytic  enzymes  in  the  dog  made  gastrin-deficient  by  antrectomy. 
Pilot  studies  are  in  progress  to  master  the  surgical  techniques 
necessary  to  perform  serial  small  intestinal  biopsies.  The  major 
problem  has  been  to  learn  how  to  antrectomize  dogs  so  that  they  are 
sufficiently  gastrin-deficient  and  yet  can  survive  the  operative 
procedure  on  a long-term  basis. 
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The  Effects  of  Gastrointestinal 
Hormones  on  Gastrointestinal  Function 

In  vivo  study  of  the  role  of  gastrin 
in  the  control  of  small  intestinal 
mucosal  enzymes  on  the  dog 


An  important  aspect  of  acute  gastrointestinal  disease  involves  combat- 
related  abdominal  injury  and  its  sequelae.  Abdominal  injuries  occur 
frequently  in  any  military  operation  and  develop  serious  complications 
In  World  War  II,  in  one  field  hospital,  wounds  of  the  stomach  comprised 
•416  of  3,154  cases  (13%)  of  abdominal  injuries.  The  fatality  rate  was 
40...  Approximately  302  of  the  abdominal  injuries  consisted  of  wounds 
of  the  small  intestine.  Approximately  20%  of  the  total  number  of 
injuries  required  partial  resection  of  the  gastrointestinal  tract. 

•lany  patients  with  abdominal  injuries  will  have  altered  gastrointestinal 
function  secondary  to  resection  of  portions  of  the  intestinal  tract 
With  improved  techniques  of  first  aid,  evacuation,  blood  replacement 
surgery,  and  prophylaxis  and  treatment  of  infection,  we  can  expect  an 
increased  number  of  combat-wounded  soldiers  to  reach  the  postoperative 
period.  At  this  point  only  general  supportive  measures  are  available 
and  no  specific  therapy  is  known  which  can  hasten  healing  and  restore 
function  of  the  gastrointestinal  tract.  Food  intake,  intestinal  hormones 
and  intestinal  adaptation  all  make  considerable  contributions  to  the 
recovery  process  after  intestinal  resection.  Several  observations 
suggest  that  the  antral  hormone,  gastrin,  has  trophic  effects  on  the 
gastrointestinal  tract.  In  rats,  gastrin  lias  increased  15C-leucine 
^corporation  into  protein,  C-orotic  acid  incorporation  into  RNA,  and 
C-thymidine  incorporation  into  DNA.  Gastrin  trophic  effects  have  been 
demonstrated  in  in  vitro  tissue  cultures  of  rat  gastric  and  duodenal 
mucosa.  Pentagastrin  (PG)  stimulated  epithelial  cell  growth,  decreased 
cell  doubling  time,  and  decreased  cell  contact  inhibition. 

Two  different  laboratories  have  demonstrated  the  importance  of  food 
intake  in  regulating  small  intestinal  enzymes.  In  rat,  intravenous 
hyperalimentation  decreased  intestinal  maltase  and  sucrase  activities 
Tissue  gastrin  fell  concomitantly.  The  disaccharidases  were  restored 
to  control  levels  by  PG  which  suggests  that  gastrin  may  control 
intestinal  disaccharidases.  Both  tissue  gastrin  and  intestinal 
disaccharidases  returned  to  normal  after  oral  feeding.  Previous 
studies  in  this  laboratory  have  demonstrated  increased  activity  of 
jejunal  glycolytic  enzymes  in  response  to  carbohydrate  meals.  Specific 

i^hoMaUSe2  a;'aptlve  Chanses  in  the  most  concerned  with  the 

metabolism  of  the  specific  substrate.  In  addition  there  was  a 

Sincrfood  iitakeainf^  "“***  attributed  to  calories  alone, 

ce  tood  intake  influences  gastrin  and  intestinal  enzymes,  and 
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since  gastrin  has  documented  trophic  effects  in  the  gut  It  Is 
conceivable  that  gastrin  has  a generalized  effect  on  protein  synthesis 
in  the  gut.  If  the  trophic  effect  of  gastrin  is  required  for  normal 
intestinal  protein  synthesis,  then  gastrin  deficiency  states  occurring 
as  a consequence  of  gastric  or  intestinal  resection  could  result 
in  abnormal  protein  synthesis  and  subsequent  maladaptation  of 
intestinal  enzymes.  There  is  ample  in  vivo  and  in  vitro  support  for 
a gastrin  trophic  effect.  There  is  also  evidence  to  suggest  that 
food  intake  is  important  in  determining  the  level  of  intestinal  enzymes 
and  the  amount  of  tissue  gastrin.  The  acutely  injured  soldier  who 
lias  lost  variable  amounts  of  stomach  and  small  intestine  has  reduced 
intestinal  function  by  virtue  of  the  surgical  resection.  The  enzyme 
activities  in  the  remaining  gut  are  responsive  to  food  intake  and 
gastrin,  both  of  which  have  been  reduced  by  the  surgical  procedure. 

It  is  reasonable  to  believe  that  replacement  of  gastrin  will  restore 
intestinal  enzymes  to  normal  and  hasten  restoration  of  gastrointestinal 
function.  We  plan  to  study  the  role  of  gastrin  in  the  control  of 
selected  Intestinal  enzyme  activities  in  dogs.  Dogs  will  be  made 
gastrin  deficient  by  antrectomy.  We  will  determine  if  any  alteration 
of  the  intestinal  enzyme  activity  can  be  reversed  by  administration 
of  exogenous  hormones  (gastrin  (1-17  and  I’CJ ) or  by  endogenous  small 
Intestinal  gastrin  (ordinarily  a minor  source  of  the  hormone)  released 
by  duodenal  feeding  of  specific  nutrients.  These  animal  studies  will 
help  us  design  the  appropriate  studies  of  the  effect  of  pentagastrin 
in  patients  (see  Work  Unit  Oil,  Study  Ho.  6). 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Progress  has  been  slow  due  to  technical  problems  with  the  surgical 
preparation.  Gastrectomy  with  jejunostomy  and  Roux-en-y  anastomosis 
have  been  performed  in  three  dogs.  The  first  animal  continued  to  leak 
around  the  cannula  site,  and  so  subsequent  efforts  were  first  directed 
at  establishment  of  a mucous  fistula.  The  second  animal  was  sacrificed 
when  it  was  impossible  to  control  drainage  of  biliary  secretions.  At 
postmortem  examination  undigested  food  was  noted  in  the  colon  so  we 
believe  that  the  animal  starved  from  lack  of  digestive  enzymes.  Similar 
difficulties  were  encountered  in  the  third  animal,  which  died  suddenly, 
one  day  after  surgery  which  was  performed  to  increase  the  length  of  the 
by-passed  segment  of  gut.  In  June  1977,  attempts  were  made  to  study 
the  initial  animal.  We  were  in  the  second  week  of  study  when  the  biopsy 
device  broke  for  the  third  time  in  6 months. 

CONCLUSIONS  AND  RECOMMENDATIONS 


A new  hydraulic  pump  should  be  purchased.  Cannula  maintenance  has  been 
satisfactory  in  the  first  animal  but  gentle  manipulation  is  important. 
Dr.  Rodkey,  who  is  a veterinary  surgeon  in  the  Dept,  of  Surgery,  is 
available  to  perform  gastrectomies  in  future  animals.  The  following 
schedule  is  recommended : 
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Period  I 


Days  0-7 


t 

t 


1.  Day  0 fasting  after  0300  h. 

2.  Day  1 continue  fast,  biopsy  duodenum. 

3.  Day  2 biopsy  0800,  resume  regular  diet.  ^ 

4.  Days  2-7  begin  intraduodenal  powdered  milk. 

Period  II  Days  7-9 

1.  Day  7 fasting  after  administration  of  powdered  milk. 

2.  Days  849  duodenal  biopsy  at  0800  h on  days  8 and  9 resume 

diet  after  biopsy  on  day  9. 

Period  III  Gastrin  Infusion 

1.  Day  15  fasting  after  0800  h;  Intravenous  line  placed  at 

1500  h. 

2.  Day  15  pentagastrin,  intravenously  2 mg/kg./h  for  16  h. 

3.  Days  16-18  duodenal  biopsy. 

4.  Day  22  duodenal  biopsy. 

*To  give  20  g of  protein,  dilute  60  g of  powdered  milk  in  75  ml 
water  and  give  62  ml  to  the  animal. 
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23.  (U)  Evidence  indicates  that  various  stress  factors  and  environmental  exposures 
markedly  alter  the  nutritional  and  metabolic  patterns  of  mammalian  species.  Military 
personnel  likewise  are  exposed  to  stressful  states  and  environments  in  the  performance 
of  military  duties.  Fundamental  studies  will  be  conducted  with  the  use  of  laboratory 
animals  to  identify  the  metabolic  reactions  and  nutritional  alterations  that  occur  in 
response  to  a given  stress  or  environment.  The  initial  objectives  include:  (a)  evaluate 
the  biochemical  and  endocrine  responses  that  occur  with  a stressful  environment  such  as 
cold,  calorie  restriction,  and  adverse  diets;  (b)  determine  the  degree  of  adaptation 
Induced  by  dietary  changes  and  environmental  exposures;  (c)  investigate  adverse  effects 
of  stress;  (d)  determine  deleterious  effects  and  interactions  of  various  stresses  such 
as  dietary  excesses,  restricted  nutrient  intakes,  cold,  heat,  etc.,  on  physical  and 
mental  performance. 

24.  (U)  The  studies  will  require  the  establishment  of  suitable  laboratory  animal  models 
and  the  development  of  novel  biochemical  techniques.  Various  metabolic  pathways  and 
hormonal  systems  will  be  followed  in  response  to  nutritional  alterations  and  stress 
conditions.  Knowledge  obtained  from  the  fundamental  studies  conducted  will  provide 
guidance  for  applied  investigations  on  the  influence  of  stress  and  environmental 
factors  on  the  nutrition  and  metabolism  of  military  personnel. 

25.  (U)  76  10  - 77  09  Glucagon  enhances  in  vivo  oxidation  of  C-6  glucose  and  has  no 
effect  on  oxidation  of  C-l.  Insulin  stimulates  oxidation  of  C-l  with  no  effect  on  C-6 
of  glucose.  In  addition,  glucagon  stimulates  adrenal  steroidogenesis.  Epinephrine  does 
not  affect  the  rate  of  glucose  oxidation. 
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PROJECT  NO.  3A161101A91C  Military  Internal  Medicine 

TASK  NO.  00  Internal  Medicine 

WORK  UNIT  NO.  044  Influence  of  Stress  and  Environment 

on  the  Nutrition  and  Metabolism  of 
Military  Personnel 

The  following  investigation  has  been  conducted  under  this  work  unit 
during  the  past  year: 


STUDY  NO.  1 In  vivo  enhancement  of  glucose  oxidation 
by  glucagon,  epinephrine,  or  insulin 

STUOY  NO.  2 Clucagon  and  adrenal  steroidogenesis 

STUDY  NO.  1.  In  vivo  effects  of  glucagon.  Insulin,  and  epinephrine  on 
glucose  oxidation  were  studied  in  rats.  The  results  indicate  that  glu- 
cagon stimulates  oxidation  of  6-l4C-glucose  and  insulin  enhances  oxida- 
tion of  1- 1 4C-glucose.  In  contrast,  epinephrine  did  not  significantly 
alter  oxidation  of  glucose.  Glucagon  reversed  the  insulin  effect  on 
C-l-glucose  oxidation.  Insulin,  however,  failed  to  reverse  the  glucagon 
effect  on  C-6-glucose  oxidation.  The  results  indicate  diverse  effects 
of  the  two  hormones  on  glucose  utilization. 

STUDY  NO.  2.  Intravenous  administration  of  glucagon  stimulates  synthesis 
of  corticosterone  in  the  adrenal  gland  from  fed  rats.  These  findings  are 
in  accord  with  enhanced  gluconeogenesis  observed  under  a variety  of  nutri- 
tional and  environmental  stress  situations. 
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BODY  OF  REPORT 

WORK  UNIT  NO.  044  Influence  of  Stress  and  F.nvironment  on  the 

Nutrition  and  Metabolism  of  Military  Personnel 

STUDY  NO.  I In  vivo  enhancement  of  glucose  oxidation  by 

glucagon,  epinephrine  or  Insulin 

PROBLEM 

The  essential  role  of  glucagon,  insulin,  and  epinephrine  in  the  moment- 
to-moment  regulation  of  glucose  homeostasis  in  mammalian  species  sub- 
|ected  to  a variety  of  nutritional  or  environmental  stresses  has  been 
recognized.  Changes  In  plasma  levels  of  these  hormones  have  been 
observed  during  a period  of  food  deprivation,  during  strenuous  physical 
exercise,  under  various  psychological  stresses,  or  during  an  exposure 
to  extreme  environmental  temperatures  and  terrestial  altitudes.  In 
such  situations,  a proper  distribution  of  metabolic  fuels  is  essential 
for  survival.  Consequently,  the  role  of  the  3 hormones  in  mitigating 
harmful  effects  of  stress  as  may  be  encountered  in  military  combat  is 
apparent . 

In  general,  increased  utilization  of  the  catabolic  pathways  of  glucose 
Is  followed  by  an  Increased  production  of  carbon  dioxide.  Available 
evidence,  however.  Indicates  that  glucagon  may  have  divergent  effects 
on  rates  of  glucose  oxidation  by  different  tissues  or  organs.  Clucagon 
reduces  oxidation  of  U-ll*C-glucose  both  In  perfused  rat  liver  and  in 
rat  liver  slices,  but  stimulates  glucose  oxidation  in  perfused  rat 
heart.  It  has  no  effect  on  glucose  oxidation  in  adipose  tissue.  In 
contrast  to  glucagon.  Insulin  consistently  stimulates  glucose  oxidation 
both  in  vitro  and  In  vivo.  Thus,  insulin  enhances  oxidation  of 
U- 1 ‘‘C-glucose  in  rat  epididymal  adipose  tissue;  oxidation  of  C-l  of 
glucose  is  stimulated  to  a greater  extent  than  oxidation  of  C-6.  Admin- 
istration of  instil  In  to  diabetic  rats  restores  in  vitro  hepatic  oxidation 
of  1-***C  or  6- 1 **C-g  1 ucose  to  the  level  observed  in  control  rats.  Insulin 
also  stimulates  oxidation  of  U- 1 ‘H'-glucose  in  rat  diaphragm  preparations. 
Exogenous  insulin  enhances  In  vivo  oxidation  of  l!-ll*C-gl  ucose  in  fed  or 
fasted  rats  and  of  l- 1 **C-glucose  in  fed  rats.  Epinephrine  reduces  oxida- 
tion of  U- 1 **C-glucose  bv  liver  slices  from  fed,  fasted,  or  refed  rats. 

Beyond  these  observations  little  Is  known  about  the  Impact  of  the  3 
hormones  on  glucose  oxidation  in  the  intact  animal.  It  has  been  well  es- 
tablished that  glucagon  or  Insulin  administration  evokes  compensatory 
changes  in  systemic  levels  of  several  hormones  and  metabolites,  which  In 
turn,  markedly  alter  a number  of  metabolic  parameters.  As  a consequence, 
the  rate  of  glucose  oxidation  observed  in  vivo  represents  the  summation 
of  such  complex  metabolic  Interactions.  Since  glucagon,  epinephrine,  and 
Insulin  control  the  malor  metabolic  pathways  of  glucose  utilization,  pro- 
nounced effects  of  these  hormones  on  in  vivo  oxidation  of  specific  carbons 
of  the  glucose  molecule  would  be  anticipated. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 


Male  rats  weighing  280-300  g were  fed  a complete  casein-sucrose  diet  for 
7 days.  After  this  period  of  dietary  adjustment,  the  rats  were  anesthe- 
tized with  50  mg/kg  pentobarbital  and  10  min  later  they  were  administered 
via  the  tail  vein  a solution  of  glucagon,  epinephrine,  or  insulin. 

Control  rats  were  injected  with  the  corresponding  volume  of  the  diluent. 
Five  min  thereafter  a saline  solution  of  1[*C-glucose  was  injected  into 
the  tail  vein  (3.0  pCi/100  g body  weight).  Immediately  after  the 
injection,  the  rats  were  placed  in  plastic  bottles  and  expired  14C02  was 
collected  for  20  min  in  an  aqueous  solution  of  2%  NaOH.  At  the  end  of 
the  collection  period,  radioactivity  of  the  solution  was  determined. 

Compared  to  the  controls,  glucagon  doubled  the  oxidation  rate  of  U-^4C- 
glucose  and  insulin  increased  oxidation  by  about  68%.  When  administered 
in  combination,  glucose  oxidation  was  increased  by  approximately  80%.  In 
contrast,  the  effect  of  epinephrine  on  glucose  oxidation  was  not  statisti- 
cally significant.  Glucagon  had  no  effect  on  oxidation  of  1- 1 4C-glucose . 
However,  insulin  enhanced  oxidation  by  70%  over  the  control  values.  No 
insulin  effect  was  observed  when  hormones  were  administered  in  combina- 
tion, which  indicates  that  glucagon  reversed  the  insulin  effect  on  C-l- 
glucose  oxidation.  Glucagon  increased  oxidation  of  C-6-glucose  by  83% 
over  the  controls,  but  insulin  had  no  effect.  Glucose  oxidation  remained 
elevated  after  administration  of  both  hormones.  Thus,  insulin  failed  to 
overcome  the  glucagon  effect  on  C-6-glucose  oxidation.  Oxidation  rate 
of  2-*4C-glucose  was  almost  doubled  by  glucagon  or  insulin. 

CONCLUSIONS 


Increased  formation  of  14C02  from  C-6  of  glucose  relative  to  C-l  has  been 
interpreted  as  increased  activity  of  the  citric  acid  cycle  apparently  as 
a consequence  of  incomplete  equilibration  of  dihydroxyacetone-P  with 
glyceraldehyde-3-P.  Increased  oxidation  of  C-l  of  glucose  induced  by 
insulin  suggests  increased  activity  of  the  pentose  cycle.  These  conclu- 
sions are  consistent  with  the  effects  of  the  hormones  on  enzyme  activity 
of  the  two  cycles.  The  failure  of  insulin  to  reverse  the  glucagon  effect 
on  C-6-glucose  oxidation  indicates  a diverse  effect  of  these  hormones  on 
the  Embden-Meyerhof  pathway  of  glucose  metabolism. 

RECOMMENDATIONS 


Studies  concerned  with  the  effects  of  various  hormones  on  glucose 
metabolic  pathways  in  anintals  exposed  to  nutritional  and  environmental 
stress  are  recommended. 
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STUDY  NO. 


•> 


Clucagon  and  adrenal  steroidogenesis 


PROBLEM 

The  role  of  the  adrenal  gland  in  adaptive  phenomena  and  the  role  of 
glucocorticoids  in  protective  reactions  to  stress  have  been  recognized. 
The  conditions  which  optimize  the  production  of  the  adrenal  hormones 
should  be  clearly  defined.  The  effect  of  glucagon  on  adrenal  steroido- 
genesis remains  essentially  unknown.  Several  reports  in  the  literature 
indicate  that  plasma  levels  of  corticoids  remain  unchanged  after  glucagon 
administration.  Other  reports,  however,  indicate  that  glucagon  increases 
or  decreases  the  concentration  of  corticoids  in  the  plasma.  The  variety 
of  actions  of  glucagon  observed  in  such  studies  apparently  reflects  a 
dependence  on  dose,  method  of  administration  of  the  hormone  or  antagonism 
by  other  hormones.  Adenosine  3':5'-cyclic  phosphate  (cyclic  AMP)  as  the 
intercellular  mediator  of  glucagon  action  enhances  steroidogenesis  in 
adrenal  tissue  preparations.  This  evidence  is  not  completely  conclusive, 
since  high  concentrations  of  cyclic  AMP  must  be  used  to  elicit  steroid 
production  (situations  not  encountered  in  in  vivo  systems).  Accordingly, 
in  the  following  experiments  steroidogenic  responses  to  glucagon  were 
induced  in  vivo  and  subsequent  metabolic  investigations  were  conducted 
in  vitro. 

RESULTS  AMD  DISCUSSION 


Male  rats  weighing  about  300  g were  fed  a complete  casein-sucrose  diet 
for  7 days.  After  this  period  of  dietary  adjustment,  the  rats  were 
administered  via  the  tail  vein  a solution  of  glucagon  (100  mg/100  g BW) . 
Control  rats  were  injected  with  the  corresponding  volume  of  the  diluent. 
Twenty  min  later  the  rats  were  sacrificed,  the  adrenal  glands  were  re- 
moved, quickly  cooled  in  saline  .and  quartered.  The  quartered  adrenals 
were  incubated  for  2 h in  a Krebs-Ringer  medium  containing  glucose 
and  ll4C-progesterone.  At  the  end  of  the  incubation  period,  the  tissue 
was  homogenized  and  corticosteroids  were  extracted  with  methylene  chloride 
and  separated  on  the  thin  layer  chromatography  plates.  Radioactive  com- 
ponents were  subsequently  located  by  autoradiography  and  identified  by 
co-chromatography  with  authentic  reference  compounds  and  by  color  or 
fluorescence  reactions. 

The  results  indicate  that  the  adrenal  tissue  converted  1<4C-progeaterone 
into  13  radioactive  components.  Compared  to  the  controls,  glucagon  en- 
hanced by  approximately  threefold  the  synthesis  of  corticosterone  and 
twofold  the  synthesis  of  deoxycorticosterone,  17-hydroxvprogesterone 
and  dehydroepiandrosterone . Similar  results  were  obtained  in  preliminary 
experiments  when  glucagon  was  added  to  the  Incubation  media.  The  remain- 
ing radioactive  metabolites  have  not  been  Identified  as  yet. 

CONCLUSIONS 

Intravenous  administration  of  glucagon  stimulates  synthesis  of  at  least 
A adrenal  hormones,  in  particular,  corticosterone. 


RECOMMENDAT IONS 


Additional  studies  should  he  conducted  to  delineate  the  effects  of 
glucagon  on  ensvme  systems  Involved  in  the  synthesis  of  adrenal 
corticoids . 
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Development  of  a Model 
Host  System  of  American 
Cutaneous  Leishmaniasis 


Treatment  of  Lelshmania  brazi  liens  is- infected  hamsters  with 
Che  immunost imu lating  agent,  Levamisole,  did  not  alter  the  immune 
response  and  effect  resolution  of  chronic  parasite  lesions  to  par- 
allel the  self-healing  lesions  seen  in  man.  However,  limited  but 
self-healing  L.  braz 1 1 lens  is  infections  may  have  been  accomplished  in 
the  guinea  pig.  Inoculation  of  10^  L^,  brazi liens  is  amastigotes  in  the 
nose  of  the  guinea  pig  produced  low-level  Infections,  characterized 
by  nodular,  non-ulcerating  lesions.  Lesions  were  palpable  by  12  days 
and  regressed  after  21  days.  Large  yields  of  L.  brazi liens  is  amasti- 
gotes are  necessary  to  ongoing  studies.  Attempts  were  made  to  produce 
large  yields  of  l..  braziliensis  amastigotes  by  immunosuppression  of 
the  donor  hamsters  with  the  chemical  immunosuppressive  agent  cyclo- 
phosphamide (CY) . CY  was  given  24  hours  prior  to  infection  as  a 
single  int raperi toneal  dose  of  225-300  mg/kg.  Although  larger  lesions 
were  found  in  hamsters  treated  with  doses  of  CY  ^300  mg/kg,  variable 
parasite  yields  rendered  the  results  of  this  study  inconclusive. 

Severe  disease,  characterized  by  multiple  metastatic  cutaneous  lesions 
with  abundant  parasites,  was  observed  in  the  first  documented  case  of 
visceral izing  L.  braziliensis  infection  in  a hamster.  No  shift  in 
virulence  of  the  organism  was  demonstrated  in  cutaneous  and  visceral 
infections  produced  by  the  isolated  viseral  parasites.  This  observa- 
tion suggests  the  importance  of  even  modest  host  immunity  in  containing 
this  infection. 
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BODY  OF  REPORT 

WORK  UNIT  NO.  045  Development  of  a Model 

Host  System  of  American 
Cutaneous  Leishmaniasis 

PROBLEM 

The  American  cutaneous  leishmaniases  are  sand  fly-borne  parasitic 
diseases  encountered  by  U.  S.  military  personnel  stationed  in 
endemic  areas  of  Central  and  South  America.  Due  to  the  potential 
life-threatening  nature  of  L.  brazi liensis , it  is  imperative  to 
develop  adequate  diagnostic  and  preventive  measures  to  insure  the 
protection  of  personnel  susceptible  to  infection.  However,  achiev- 
ing these  goals  is  dependent  upon  establishing  an  animal  model 
system  to  support  appropriate  investigations. 

Specific  models  of  L^  brazi  1 iens is  infection  are  needed  to  evaluate 
the  capacity  of  leishmanial  antigens  to  elicite  protective  immunity, 
to  elucidate  mechanisms  of  protective  immunity  and,  by  using  the 
natural  vector,  to  study  biologic  transmission  and  its  interruption. 
An  ideal  animal  model  for  studies  of  protective  immunity  should  be 
capable  of  effecting  protection.  This  requirement  would  be  fulfilled 
by  the  demonstration  of  resistance  to  homologous  challenge  infection 
following  induced  or  spontaneous  resolution  of  the  primary  lesion, 
thereby  paralleling  the  uncomplicated  disease  in  man.  An  economical 
animal  model  displaying  these  characteristics  has  not  been  described. 

Obtaining  large  numbers  of  L.  brazi liens  is  amastigotes  for  ongoing 
studies  is  difficult  owing  to  the  low-level  immune  response  of  the 
hamster.  The  parasite  itself,  however,  is  capable  of  causing  severe 
infection  characterized  by  lesions  with  large  numbers  of  organisms. 
This  finding  emphasizes  the  need  to  evaluate  the  ability  of  selec- 
ted immunosuppressive  agents  to  increase  parasite  yields  in  donor 
animals . 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Our  previous  studies  achieved  reproducible  L.  braz i liensis  and 
L.  mexlcana  Infections  in  hiimsters.  These  infections  were  charac- 
terized by  dose-related  quantifiable  incubation  periods  and  growth 
of  lesions.  Thus,  an  essential  step  was  completed  with  the  devel- 
opment of  this  infection  model  in  which  the  effects  of  experimental 
variables  can  be  defined.  The  quantitative  methodology  obtained 
from  these  studies  Is  being  applied  to  the  development  of  a model 
to  Investigate  protective  immunity  in  L.  brazi liensis  infections. 

In  the  hamster,  L.  brazillensis  lesions  do  not  spontaneously 
resolve  and  show  no  trend  toward  resolution,  which  limits  the  use 
of  this  animal.  However,  the  presence  of  a partially  effective 


27 


inniune  response  which 
*S  suggested  by  t h,  COnt^ns,  but  d 
hypersensitivity  c®ssation  of  lesion  n0t  ellmlnate  th 
heallng  „as  attend  lflCatlon  of  thls  fOWth  and  onset  J i"fec“on 
given  at  a pted  with  the  imm  lramune  resDnn  * f delayed 

following  inL  mmended  dose  of  Un0f1”ulating  ' to  induce 

^ Plgs : r Md — 

i-  ^ ellnl 

“XL188 

™°“red  r wS'.r111"*  "■* 

^ to  ‘"~u-  XXi, 

sellar  approach  ~ 

J^7®®n "production , ^an^ ^^^k^nimalTesion  "r8G  numbers  of  L 
e 1 o ph os ph ami de  7^P}°nse  P^entf 

V *«s  given  24  hSinCe  ^e  drug  If?  y,lelds  of  iiSifnVB8tl8«ed 

the  Inoculated  °Urs  Prior  to  i " plating  Jffn78°tes  from 
aPProximate  Lq  P^asites.  Doses  ofeC22,0n  to  avoid  direct"'1  muta«enic> 
hamsters  treatV  Tre  utiHzed  i°  225  m8/k8  to  300  /,  6ffect«  on 

nar8er  tb*» tJSfeT  dOSeS  CYln<3^r-Jt«Perwr8/k;  (fhe 

betwe 3Se  ln  y^lds  wasUntreated  hamsters  ^ grew  f as  ter  and  "S  in 
oetween  lesfr.,,  • s n°t  obt^„  s # However  and  were 

obtained,  thev  „1ZC  and  Parasite  h ’j"01  Was  there*  a C°nslstent 

nltude  (2X-f,y\  ere  not  dose  r« i b rden-  When  in  correlation 

liability  S'  "hiie  -«S  «£u\\ted  ^ *««  of  yields  were 

‘"™neluslve  Parasite  ylelds  “ “f  wg- 

S rSi^"— " h * r',SUIts  of  thls ■**“’ 

hamsters: 


28 


abundant  parasites  were  found  in  the  spleen  and,  to  a lesser  degree, 
in  the  liver  and  bone  marrow.  Amyloid  was  present  in  the  kidney, 
spleen,  adrenal,  and  liver.  Cutaneous  lesions  metastatic  from  the 
primary  site  on  the  flank  were  found  on  the  back,  nose,  and  all  four 
paws,  and  contained  abundant  parasites.  However,  growth  of  cutaneous 
lesions  from  inoculation  of  this  isolate  and  its  growth  in  the  viscera 
of  other  hamsters  was  found  to  be  entirely  comparable  to  the  parent 
strain.  These  findings  indicate  the  metastatic  infection  did  not 
result  from  an  adaptation  or  mutation  of  the  parasite  and  suggest  an 
immunologic  deficiency  in  the  host.  Since  L^.  braziliensis  infection 
is  normally  contained  but  not  eliminated  in  the  hamster,  these  results 
stress  the  importance  of  even  a partially  effective  host  immune  re- 
sponse in  control  of  this  parasite. 


CONCLUSIONS 


The  principal  criteria  of  an  ideal  animal  model  suitable  to  investi- 
gations of  immunity  to  jL.  braziliensis  infection  were  established. 

The  model  must  manifest  resistance  to  challenge  infection  subsequent 
to  spontaneous  or  induced  resolution  of  the  primary  lesion  (thereby 
paralleling  uncomplicated  human  infection).  Spontaneous  resolution 
of  L.  braziliensis  lesions  in  the  guinea  pig  provided  evidence  to 
warrant  further  investigations  of  this  animal.  Levamisole,  an 
immunos timulating  agent,  was  ineffective  in  enhancing  the  immune 
response  of  hamsters  to  effect  resolution  of  chronic  I..  brazi liens  is 
lesions.  Other  agents  with  different  modes  of  action,  such  as’ BCG, 
remain  to  be  investigated.  The  importance  of  even  a partially  effec- 
tive host  immune  response  in  controlling  L.  braziliensis  infection 
was  shown  in  a hamster  in  which  deficient  immunity  resulted  in  severe 
metastatic  disease.  These  findings  emphasize  the  value  of  immuno- 
suppression as  an  approach  to  achieving  increased  yields  of  L_. 
brazi liens  is  amastigotes  from  donor  hamsters  and  to  providing  a model 
to  study  the  more  severe  forms  of  the  disease.  Variable  parasite 
yields  rendered  the  results  obtained  with  one  immunosuppressant, 
cyclophosphamide,  inconclusive. 


RECOMMENDATIONS 


Emphasis  should  be  given  to  the  least  complicated  approaches  in 
developing  an  animal  model  to  study  protective  immunity  to  L^.  brazil- 
iensis infection.  Based  on  the  finding  of  spontaneous  resolution  of 
l..  braziliensis  lesions  in  the  guinea  pig,  investigation  of  this 
animal  as  a potential  model  should  be  pursued.  Efforts  should  be 
made  to  establish  protective  immunity  by  therapeutic  modification  of 
chronic  L.  braziliensis  infection  in  hamsters.  This  approach  should 
be  pursued  to  provide  an  alternate  model  to  study  immunity  in  those 
more  serious  and  chronic  forms  of  cutaneous  leishmaniasis.  Since 
abundant  parasites  were  found  in  lesions  of  an  L.  brazi liens is- inf ec- 
ted  hamster  with  deficient  immunity,  studies  with  immunosuppressive 
agents  should  continue  in  order  to  obtain  increased  yields  of 
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parasites  to  meet  research  requirements.  In  these  studies,  emphasis 
should  be  placed  on  agents  such  as  antilymphocyte  serum  which  can  be 
given  following  infection  to  maintain  an  immunosuppressed  state. 
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21  td)  Deterioration  of  the  excretory  function  of  the  liver  not  uncommonly  complicates 
the  recovery  of  the  wounded  soldier,  and  frank  liver  failure  may  result.  Bile  salt  se- 
cret ion  is  one  of  tl\i'  most  sensitive  parameters  of  the  excretory  function  of  the  liver. 
The  effects  of  hypovolemic  shock  on  hepatic  synthesis  and  secretion  of  bile  salt  will  b 
invest igated,  and  resuse itat ive  agents  and  measures  to  modify  adverse  effects  will  be 
tested. 

24.  (,U)  A simplified  model,  to  allow  long-term  measurement  of  hepatic  bile  salt  synthe- 
sis and  secretion  in  baboons  with  intact  gallbladders,  will  be  used.  These  will  be 
assessed  during  normovolemic  control  periods  and  during  and  after  hypovolemic  shock.  A 
stream-splitter  pump,  returning  45%  of  collected  bile  in  a chronic  biliary  fistula,  wil 
allow  continued  sampling  ot  bile  without  interruption  of  the  enterohepat i c circulation 
(EMC)  . 

25.  (. L’ ")  7o  10  - 77  04  In  fasting  normovolemic  baboons,  the  liver  secretes  569?57  nmols 
ot  bile  salt  per  hour;  43*6"..  of  this  enters  the  gallbladder  and  the  rest  circulates 
through  the  Kill'  in  75>  In  minutes.  The  liver  synthesizes  9.b'1.2  nmols  ot  bile  salt  per 
hour  and  maintains  the  total  bile  salt  pool  at  2100+169  nmols,  of  which  1720*130  nmols 
is  stored  in  the  gallbladder  during  fasting.  During  hypovolemic  shock  (systolic  BP 
less  than  60  mm  Hg) , bile  salt  synthesis  by  the  liver  is  reduced  to  15%  of  control 
values,  but  bile  salt  secret  ion  is  unat  fected.  These  changes  are  transient . and  re- 
verse (to  normal)  within  12  hours  ot  resuscitation.  Studies  were  terminated  with  the 
departure  ot  the  principal  Investigator  from  the  Army. 
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PROJECT  NO.  3A161101A91C  In-House  Laboratory  Independent 

Research 

WORK  UNIT  NO.  051  Influence  of  Shock  on  Excretory 

Function  of  the  Liver 

The  following  investigations  have  been  conducted  under  this  Work  Unit: 

A subhuman  primate  model  (baboon)  was  developed  under  this  work  unit 
that  allows  a number  of  measurements  of  liver  function  to  be  made 
under  completely  physiologic  conditions. 

The  enterohepatic  circulation  (EHC)  is  maintained  and  the  gallbladder 
functions  normally.  The  baboon  model  permits  measurement  of  a)  hepatic 
secretion  rates  of  bile  salt,  cholesterol,  and  phospholipids;  b)  dis- 
tribution of  hepatic  bile  production  between  the  gallbladder  and  the 
EHC;  c)  gallbladder  function  (percent  gallbladder  filling  and  evacua- 
tion); d)  EHC  circulation  time;  e)  bile  salt  synthetic  rate;  and 
f)  total  and  circulating  (effective)  bile  salt  pool  size. 

In  chronically  maintained  male  baboons,  fasted,  with  a controlled  bile 
fistula,  the  liver  secretes  569+57  nmols  of  bile  salt  per  hour;  43+6% 
of  this  enters  the  gallbladder  and  the  rest  circulates  through  the  EHC 
in  75+16  minutes.  The  liver  synthesizes  9. 6+1. 2 nmols  of  bile  salt 
per  hour  and  maintains  the  total  bile  salt  pool  at  2100+169  pmols,  of 
which  1720+130  nmols  are  stored  in  the  gallbladder  during  fasting. 

In  response  to  a meal,  the  gallbladder  evacuates  83+16%  of  its  contents 
over  a 110-min  period,  and  hepatic  secretion  of  bile  salt  increases  to 
1284+250  pmols  per  hour.  These  studies  provided  the  necessary  baseline 
values  to  which  similar  measurements  during  hypovolemic  shock  could  be 
compared . 

During  hypovolemic  shock  (systolic  BP  less  than  60  mm  Hg) , bile  salt 
synthesis  by  the  liver  is  reduced  to  15%  of  control  values,  but  bile 
salt  secretion  is  unaffected.  These  changes  are  transient  and  re- 
verse to  normal  within  12  hours  of  resuscitation. 


BODY  OF  REPORT 


WORK  UNIT  NO.  051 

PROBLEM 


Influence  of  Shock  on  Excretory 
Function  of  the  Liver 


Severe  injury  and  hypovolemic  shock  resulting  from  combat  trauma  are 
associated  with  a significant  incidence  of  multiple  organ  failure. 
Massive  metabolic  insults  mediated  through  the  effects  of  shock  and 
trauma,  as  well  as  multiple  transfusions,  stress  the  excretory  func- 
tion of  the  liver.  Deterioration  of  liver  function  can  complicate 
the  patient’s  clinical  response;  frank  liver  failure  may  result. 

Our  long-range  goals  are  to  investigate  the  effects  of  blood  loss, 
trauma,  and  multiple  transfusions  on  the  excretory  function  of  the 
liver  and,  ultimately,  to  determine  means  of  improving  the  liver's 
response  to  shock  and  stress.  Since  bile  salt  secretion  is  one  of 
the  most  sensitive  indicators  of  the  excretory  function  of  the  liver, 
it  has  been  chosen  as  the  major  primary  variable  for  investigation. 
Study  of  bile  salt  metabolism  is  complicated  by  the  enterohepatic 
circulation  (EHC) , which,  among  other  things,  is  affected  by  the  pres- 
ence of  a functioning  gallbladder.  It  was  necessary  to  perfect  a 
primate  model  which  permits  the  necessary  measurements  of  bile  salt 
metabolism  to  be  made  without  interrupting  the  EHC  or  interfering  with 
normal  gallbladder  function.  This  has  been  accomplished  in  a baboon 
model  under  this  Work  Unit. 

The  goal  of  this  study  was  twofold:  (1)  to  conduct  a series  of  base- 
line measurements  using  the  model  (the  measurements  can  then  be  used 
as  a standard  of  reference  during  experimental  periods) ; and  (2)  to 
use  the  model  to  determine  what  effect  shock  and  multiple  transfusions 
have  on  liver  function. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS 


Five  male  baboons  were  prepared,  each  with  a duodenal  fistula.  Bile 
from  the  fistula  was  passed  through  an  electronic  stream-splitter. 
Five  percent  of  the  total  bile  flow  was  continuously  sampled  by  the 
stream-splitter,  and  the  remaining  95%  returned  to  the  animal  through 
a tube  duodenostomy . In  this  way,  bile  flow  could  be  measured  and 
samples  collected  without  interfering  with  the  normal  EHC  or  normal 
gallbladder  function.  To  assess  bile  salt  secretion  rates  and  bile 
salt  pool  size,  bile  salt  labeled  with  14C  was  given  to  the  animals. 
Bile  salt  synthesis  was  measured  directly  by  the  "wash-out"  technique 
of  Small.  Initial  technical  problems  with  the  model  have  been  over- 
come, essentially,  and  the  procedure  appears  to  be  well  tolerated  by 
the  animals. 


To  define  bile  salt  metabolism,  each  animal  was  studied  immediately 
following  a fatty  meal,  and  again  after  a 12-h  fast.  Four  param- 
eters were  measured:  a)  percent  of  hepatic  bile  entering  the  gall- 
bladder; b)  rate  of  bile  salt  secretion  from  the  liver;  c)  size  of 
bile  salt  pool  and  the  amount  of  this  pool  sequestered  in  the  gall- 
bladder; and  d)  percent  of  gallbladder  contents  evacuated  in  response 
to  a fatty  meal. 

Results  are  expressed  as  the  mean  of  15  experiments  (±SEM) , 3 in 
each  of  5 animals.  Immediately  following  a fatty  meal,  there  is 
a total  bile  salt  pool  of  2100+169  pmols  of  bile  salt,  all  of  which 
is  circulating  within  the  EHC.  The  liver  secretes  1284+250  pmols  of 
bile  salt  per  hour.  None  of  this  bile  salt  enters  the  gallbladder, 
and  it  circulates  through  the  EHC  in  75+16  min.  The  bile  salt 
pool  is  maintained  by  a de  novo  synthesis  of  9. 6+1. 2 pmols  of  new 
bile  salt  per  hour.  After  a 12-h  fast,  the  gallbladder  begins  to 
sequester  a significant  portion  of  the  circulating  bile  salt  pool, 
so  that  only  380+52  pmols  of  bile  salt  remains  circulating  in  the  EHC. 
The  rest  is  stored  within  the  gallbladder.  Since  the  amount  of  bile 
salt  circulating  in  the  EHC  is  reduced,  bile  salt  secretion  from  the 
liver  falls  to  569+57  ymols  per  hour.  Of  this  bile  salt,  40+9% 

(228±72  uraols  per  hour)  enters  the  gallbladder,  and  the  rest  passes 
directly  into  the  duodenum  to  enter  the  EHC.  The  gallbladder  evacu- 
ated 83+16%  of  its  contents  over  a 110-min  period  in  response  to  a 
fatty  meal,  but  no  bile  salt  leaves  the  gallbladder  during  a fasting 
period. 

In  4 animals,  the  effects  of  hypovolemic  shock  on  these  parameters 
were  measured.  Animals  were  acutely  bled  through  a central  venous 
catheter  at  15  cc/min  until  systolic  blood  pressures  between  50-60 
mm  Hg  were  obtained.  During  this  period,  bile  salt  synthesis  is  re- 
duced to  15%  of  control  values,  and  in  one  animal  ceased  completely. 
Bile  salt  secretion  from  the  liver,  as  opposed  to  bile  salt  synthe- 
sis, is  unaffected,  even  by  profound  hypovolemia,  nor  is  the  propor- 
tion of  hepatic  bile  that  enters  the  gallbladder  affected.  The  effect 
of  hypovolemic  shock  on  bile  salt  synthesis  is  relatively  transient. 
Within  12  h of  returning  the  shed  blood  to  the  animals,  bile  salt 
synthesis  is  80%  of  normal,  and  by  24  h it  is  back  to  control  values. 

CONCLUSIONS 


This  baboon  model  allows  not  only  the  comprehensive  study  of  bile  salt 
metabolism  under  completely  physiologic  conditions  but  could  be  used 
to  investigate  any  aspect  of  hepatic  secretory  physiology,  i.e., 
bilirubin  metabolism,  secretion  of  drugs,  blood  preservatives,  etc. 

The  procedure  has  been  well  worked  out,  and  initial  problems  with  the 
model  and  the  animals'  maintenance  have  been  overcome.  An  extensive 
series  of  baseline  values  have  been  accumulated  in  intact  fasted  and 
fed  animals,  and  these  have  been  compared  to  a pilot  group  of  studies 
in  hypovolemic  animals. 
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RECOMMENDATIONS 


Study  o f the  effects  of  hypovolemic  shook  on  liver  function  has  been 
discontinued  because  the  principal  Investigator  has  left  the  Army. 

The  model  that  has  been  perfected  could  be  of  great  use  to  any  inves- 
tigator Interested  In  the  excretory  function  of  the  liver. 
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23.  (U)  Metabolic  effects  of  vitamin  Dj  and  its  metabolites  Include  Induction  of  calcium 
binding  protein  (CaBP)  in  intestine  and  kidney  and  increased  Intestinal  calcium  absorp- 
tion. Bone  and  joint  injuries  account  for  approximately  252  of  the  operations  performed 
at  combat  surgical  hospitals.  At  current  hospitalization  costs  ($168.00/day)  and  a con- 
servative estimate  of  $20.00/day  for  soldier  compensation,  the  bone  and  joint  injuries 
treated  in  the  Army  between  1964  and  1969  would  cost  $935,008,282.30.  Also,  in  FY  75, 
Army  dental  facilities  performed  859,722  tooth  restorations  at  a cost  of  $6,488,290.00. 

It  is  anticipated  that  nutritional  and  medical  therapeutic  improvements  resulting  from 
tills  research  may  Improve  these  statistics,  through  improved  absorption  and  retention  of 
calcium  and  phosphorus. 

24.  (U)  The  influence  of  nutritional  factors  (i.e.  dietary  calcium,  phosphorus  and  vita- 
min D)  on  the  intestinal  CaBP  concentration  and  calcium  binding  activity  was  studied  in 
animal  models.  Also,  in  vitro  and  in  vivo  animal  studies  were  performed  to  define  bettei 
the  mechanism  of  calcium  transport  and  homeostatic  regulation. 

25.  (U)  76  10  - 77  09  Bone  densitometry  has  been  performed  on  several  (27  determinations 
patients  referred  to  us  from  T.ctterman  Army  Medical  Center.  Thev  had  diagnosed  or  sus- 
pected metabolic  bone  disease.  Also,  several  in  vitro  and  in  vivo  animal  studies  have 
been  designed  and  completed,  resulting  in  regulation  of  calcium  absorption  and  retention 
Technological  advances  from  this  work  unit  have  been  reported  In  11  research  journal 
articles  (published  or  in  press),  10  published  abstracts,  9 articles  submitted  to  pub- 
lishers and  7 potential  manuscripts  currently  in  an  advanced  stage  of  laboratory  analyst 
of  data. 
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ABSTRACT 


PROJECT  NO.  3A161101A91C  In-House  Laboratory  Independent 

Research 

WORK  UNIT  NO.  060  Vitamin  D,  Calcium  and  Phosphorus 

Metabolism 

STUDY  NO.  9 Kinetics  and  localization  of  calcium 

binding  protein  appearance  in  chick 
intestine  following  1,25-dihydroxy- 
cholecalciferol  administration 


Results  of  a series  of  experiments  designed  to  assess  the  acute  response 
of  rachitic  chick  intestine  to  1,25-dihydroxy  vitamin  D3  (1,25  OH2D3) 
have  demonstrated  the  following  facts.  1)  Calcium  binding  protein  (CaBP) 
is  localized  inside  intestinal  epithelial  cells.  2)  The  rate  of  calcium 
transport  is  increased  before  CaBP  appears.  3)  Cycloheximide  blocks 
the  synthesis  of  CaBP  but  does  not  prevent  the  increase  in  calcium 
transport.  A)  1,25  OH2D3  increases  the  cellular  accumulation  of  calcium 
initially.  5)  At  the  onset  of  CaBP  synthesis,  calcium  accumulation  be- 
gins to  decrease.  If  CaBP  synthesis  is  blocked,  this  decrease  does  not 
occur.  6)  Study  of  tissues  fixed  in  osmium-pyroantimoniate  by  electron 
microscopy  demonstrates  that  the  number  of  mitochondrial  granules 
corresponds  to  the  cellular  accumulation  of  calcium.  Therefore,  CaBP 
appears  to  be  nonessential  to  the  initial  induction  of  calcium  transport 
by  1,25  OH2D3,  but  it  is  essential  to  the  cell's  ability  to  regulate  in- 
tracellular calcium.  Interpretation  of  these  experiments  has  changed 
substantially  our  working  hypothesis  for  intestinal  absorption  of  calcium. 
CaBP,  which  was  formerly  thought  to  reside  outside  of  the  cells  and 
accumulate  calcium  at  the  brush  border,  is  now  believed  to  reside  inside 
the  cell  and  must  maintain  low  intracellular  calcium  concentration. 
However,  CaBP  is  not  essential  for  the  initial  transport  of  calcium. 
Further,  these  experiments  strongly  suggest  that  the  increase  in  cell 
permeability  to  calcium  mediated  by  1,25  OH2D3  occurs  without  participa- 
tion of  the  nucleus  and  some  of  the  changes  requiring  nucleus  participa- 
tion may  be  the  result  of  increased  calcium  permeability  rather  than  the 
cause  of  it. 
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WORK  UNIT  NO.  060  Vitamin  !),  Calcium  and  Phosphorus 

Metabolism 

STUDY  NO.  9 Kinetics  and  localization  of  calcium 

binding  protein  appearance  in  chick 
intestine  following  1 ,25-dihydroxv- 
cholecalciferol  administration 

PROBLEM 

Approximately  252  of  combat  trauma  includes  fracture  wounds.  The  impact 
of  fracture  wounds  is  greater  than  that  of  flesh  wounds  because  the  de- 
gree of  Incapacitation  is  considerably  greater,  the  patients  usually 
must  be  evacuated,  and  the  recovery  time  is  usually  prolonged.  Fracture 
wounds  accounted  for  5.78  million  man-days  lost  by  the  Army  between 
1964  and  1969.  While  considerable  effort  has  been  expended  to  develop 
and  perfect  methods  of  treatment  for  botli  flesh  and  fracture  wounds,  no 
specific  efforts  have  been  made  at  the  field  level  to  modify  the  suscep- 
tibility of  soldiers  to  fracture  wounds.  Susceptibility  to  fracture 
wounds  varies  greatly.  Some  individuals  are  quite  resistant  even  to 
heavy  trauma.  Others  sustain  fractures  without  apparent  trauma  (stress 
fractures).  The  degree  of  bone  mineralization  is  a function  of  both 
the  amount  of  calcium  and  phosphorus  absorbed  from  the  gut  and  that 
retained  by  the  kidney.  Vitamin  D is  intimately  involved  in  both 
intestinal  absorption  and  renal  retention  of  calcium  as  well  as  in  the 
mineralization  process.  To  understand  better  the  regulation  of 
intestinal  calcium  absorption,  the  acute  response  to  1,25-dihydroxy 
vitamin  D3  (1,25  OH2D3)  was  studied  in  the  intestine  of  chicks  with 
rickets.  We  also  evaluated  the.  effect  of  various  treatment  regimens 
such  as  dosage  of  1,25  OH2D3,  dietary  calcium  and  dietary  phosphorus  on 
intestinal  transport  of  calcium,  intracellular  accumulation  of  calcium, 
and  cell  morphology. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Calcium-binding  protein  (CaBP)  synthesis  in  rachitic  chick  intestine 
is  increased  by  1,25  OH2D3.  Previous  studies  have  suggested  that 
vitamin  D3  enhances  polysomal-associated  CaBP-specif ic  mRNA  two- 
to  threefold.  This  increase  in  CaBP  synthesis  could  be  due  to  in- 
creased cytoplasmic  CaBP  mRNA  or  to  an  increased  association  of  poly- 
somes and  CaBP  mRNA.  To  distinguish  between  these  possibilities  and 
to  study  the  site  of  regulation,  cytoplasmic  UNA  was  isolated  from 
rachitic  and  1,25  OM2D3-repleted  chick  duodena  by  phenol  chloroform 
extraction  of  cytosol  and  purified  by  sequential  treatments  with  LiCL, 
pronase,  LiCl  and  ethanol.  Purified  RNAs  (A260/A280  - 2.0)  were 
translated  in  a cell-free  system  derived  from  wheat  germ.  Protein  syn- 
thesis, as  monitored  by  ^5-moth ionlne  incorporation,  was  linearly 
related  to  the  amount  of  RNA  added  (125  mg  RNA/ml). 


Translation  products  were  evaluated  In  three  ways.  First,  by 
SDS-polyacry laraide  gel  electrophoresis  (SDS-PGF.)  , only  a few  differ- 
ences between  the  products  synthesized  by  raRNA  from  control  and 
1,25  OH2l>3-treated  chicks  were  found.  Thus,  the  1,25  OH2D3  effect  is 
specific  for  onlv  a few  proteins.  Secondly,  the  products  were  immuno- 
proclpltated  bv  antibody  to  chick  duodenal  CaBP  and  the  lmmunoprecip- 
ltates  were  analyzed  by  SDS-PGE.  Samples  from  1,25  OfM^-repleted 
chicks  showed  onlv  one  band  of  radioactivity  (at  least  fivefold  In 
excess  of  rachitic  samples)  co-migratlng  with  authentic  CaBP.  Finally, 
when  the  products  were  evaluated  by  Ouchterlony  methods,  results  were 
Identical  to  linmunoprecipitat ion  SDS-PGE.  Parallel  experiments  with 
albumin  antibody  revealed  no  radioactive  bands  on  SDS-PGE.  These 
experiments  indicated  that  1,25  OH2D3  enhances  cytoplasmic  levels  of 
mRNA  specific  for  CaBP  and  appears  to  regulate  a subset  of  specific 
genes . 


Rachitic  chicks  were  injected  intramuscularly  with  62.5  pmol  of  1,25  OH2D3. 
Cvclohexlmlde  (cvclo)  in  20  pg  doses  was  given  intraperitoneally 
starting  one  h before  1,25  OH2D3  administration,  at  4-h  intervals  for 
the  first  12  h,  and  at  subsequent  6-h  intervals.  Calcium  transport 
as  measured  by  serum  4SCa  was  elevated  at  4 h,  peaked  at  8 h and 
then  decreased  in  the  1,25  OH2D3  chicks.  In  1,25  OH2D3-CVCI0  chicks, 
serum  45Ca  was  elevated  at  b h and  continued  to  rise  throughout  the 
24-h  experiment.  Calcium  transport  as  measured  by  removal  of  45Ca 
from  the  intestine  continued  to  rise  throughout  the  24-h  experiment 
in  both  the  cvclo  and  non-cvclo  treated  1,25  OH2D3  chicks.  Calcium 
accumulation  in  the  mucosa  of  the  1,25  OH2D3  chicks  was  increased  at 
4 h,  peaked  at  b h,  then  declined  to  control  (0  h)  level  by  24  h, 
while  accumulation  In  the  1,25  01l2D3-cyclo  chicks  continued  to  rise. 
Rachitic  chicks  given  cvclo  without  1,25  OII2D3  showed  no  appreciable 
difference  from  the  controls.  CaBP  was  detected  in  the  1,25  OH2D3 
animals  beginning  at  8 h.  Cvclo  inhibited  1,25  OH2D3-induced  CaBP, 
but  a trace  amount  of  CaBP  was  detected  In  the  24-h  group.  It  Is  ap- 
parent that  calcium  accumulation  in  the  mucosa  does  not  require  CaBP 
and  In  fact  is  decreased  as  CaBP  is  synthesized.  Since  1,25  OH2D3 
stimulated  calcium  transport  in  the  absence  of  CaBP  but  at  the  expense 
of  an  increased  calcium  content  in  the  mucosa,  we  believe  CaBP  acts 
to  regulate  Intracellular  calcium. 

Earlier  studies  showed  that  low  dietary  calcium  increases  the  concentra- 
tion of  CaBP  in  intestine  of  normal  chicks  by  increasing  the  la.hvdroxy- 
lase  enzyme  activity  in  the  kidney  so  that  more  1,25  OH2D3  is  made 
available.  in  the  past,  an  equimolar  relationship  between  1,25  01I2D3 
and  synthesized  CaBP  has  been  assumed.  We  used  a 3 x 3 factorial 
design  of  dietarv  calcium  and  dietary  phosphorus  concentrations  to 
evaluate  the  role  of  dietarv  calcium  and  dietary  phosphorus  in  the  re- 
sponse of  gut  to  1,25  OH2D3  treatment  (62.5  pmol)  after  24  h.  The 
raw  data  suggest  that  botli  dietary  calcium  and  phosphorus  markedly 
influence  the  gut  response  to  the  same  dose  of  1,25  OH2D3  as  evaluated 
bv  calcium  transport,  calcium  accumulation,  in  vitro  calcium  uptake 
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and  concentration  of  CaBP  induced.  Of  particular  note,  is  the 
observation  that  the  amount  of  CaBP  synthesized  by  rachitic  chicks 
from  a given  dose  of  1,25  OH2D3  was  directly  related  to  dietary 
calcium  instead  of  the  inverse  relationship  observed  in  vitamin  D 
repleted  (normal)  chicks.  We  had  predicted  this  result  based  on  our 
hypothesis  that  CaBP  synthesis  could  be  a result  of  increased  cell 
permeability  to  calcium  rather  than  a direct  effect  of  1,25  OH2D3  in 
the  nucleus.  When  laboratory  analyses  are  completed,  the  data  will 
be  analyzed  bv  a multiple  regression  analysis  approach  with  the  de- 
pendent variables  being  dietary  calcium,  dietary  phosphorus,  and 
dietary  1,25  01121)3,  and  with  the  independent  variables  being  in  vitro 
calcium  uptake,  calcium  transport  as  assessed  by  serum,  calcium  trans- 
port as  assessed  bv  removal  from  gut,  calcium  accumulation,  CaBP  con- 
centration in  intestine,  bone  **5Ca,  serum  calcium  concentration,  and 
serum  phosphorus  concentration. 

CONCLUSIONS 


Based  on  observations  in  our  laboratory,  we  propose  this  model  which 
illustrates  some  of  the  metabolic  effects  of  1,25  OH2D3  and  the  pos- 
sible role  of  CaBP  in  the  intestinal  cell.  Actinomycin  D studies 
suggest  a direct  effect  on  the  synthesis  of  alkaline  phosphatase.  Other 
studies  have  shown  that  the  mRNA  for  CaBP  is  absent  in  the  rachitic 
state;  thus,  an  effect  of  1,25  OH2D3  at  the  transcription  level  in  the 
nucleus  is  also  indicated.  However,  since  the  permeability  of  the  cell 
to  calcium  Is  affected  even  when  protein  svnthesls  is  inhibited,  it  is 
clear  that  a direct  effect  of  1,25  OH2D3  on  the  membrane  is  also  in- 
volved. We  expect  that  most  of  the  calcium  accumulated  In  the  cells 
would  be  accounted  for  bv  that  associated  with  membranes  and/or 
mitochondria.  The  localization  of  CaBP  within  the  intestinal  cells 
is  consistent  with  its  being  loosely  associated  with  intracellular 
membranes,  including  the  outer  me ml) rane  of  mitochondria.  The  role 
of  preventing  the  accumulation  of  calcium  in  the  cell  could  be 
accomplished  bv  either  blocking  the  uptake  of  calcium  bv  mitochondria 
or  enhancing  the  removal  fmro  mitochondria.  This  effect  of  CaBP  is 
suggested  bv  both  our  studies  and  in  vitro  studies  with  isolated 
mi tochnndr i a reported  bv  Hamilton  and  lloldsworth  (Austr  J Expt  Biol 
Med  :»ci  ) 1 . 45  1-4  78,  1‘175)  We  suggest  that  CaBP  Is  an  intracellular 
protein  m th*  Intestinal  mucosa,  hut  that  It  is  not  required  for 
calcium  transport.  We  believe  that  one  of  Its  functions,  or  maybe 
its  on  1 v luiut Ion,  Is  to  protect  intracellular  organelles  from  calcium 
toxtcltv  during  calcium  transport  through  the  cell.  Although  the  mecha- 
nism is  still  subject  to  further  research,  we  do  feel  that  It  is  an 
Important  observation  that  we  can  associate  the  presence  or  absence  of 
CaBP  to  tin  capacity  of  the  cell  to  maintain  low  intracellular  calcium 
concentration  only  when  (aHP  is  present. 
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RECOMMENDATIONS 


1.  Bone  densitometry  and  ultrasound  evaluation  of  military  inductees 
should  be  performed.  Inductees  whose  bone  density  is  in  the  lower  or 
subnormal  range  should  receive  dietary  supplementation  with  calcium 
and  magnesium  as  well  as  specialized  exercise  training  programs  dur- 
ing their  basic  combat  training.  Candidates  should  be  prevented  from 
entering  military  service  if  their  bone  density  value  is  subnormal 

on  the  basis  that  a high  probability  exists  that  they  will  be  Included 
in  the  population  of  individuals  medically  retired  due  to  bone  and 
joint  problems. 

2.  A staff  study  on  the  feasibility  and  legal  requirements  to  formulate 
a calcium  and  magnesium  supplemented  flour  for  distribution  to  military 
feeding  facilities  should  be  initiated. 

3.  Contingency  plans  should  be  made  to  issue  supplementary  magnesium 
(250  mg  magnesium  oxide  orally  per  day)  to  troops  moving  from  a temper- 
ate to  a high  intensity  sunlight  region.  The  purpose  would  be  to  mini- 
mize the  effect  of  hypercalcuria  and  decrease  the  chances  of  uroli- 
thiasis. Also,  opportunities  should  be  sought  to  evaluate  the 
efficacy  of  the  procedure  in  field  trials  in  conjunction  with 
training  operations. 
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Where  the  unique  information  processing  requirements  of  a specific  research  protocol 
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25.  (ll)  7t>  10  - 77  09.  Special  purpose  programs  were  produced  for  military  biomedical 

research  projects  including  muscle  stress  analysis,  mosquito  repellent  effectiveness, 
beta  counter  data  reduction,  and  animal  breeding.  A system  to  control  automated 
treadmill  experimentation,  developed  under  contract,  h3s  been  implemented  on  a 
laboratory  minicomputer.  Interactive  programs  have  been  written  to  process  the  entry 
of  food  wholesomeness  data  and  owl  monkey  demographic,  hematologic  and  serum  chemistry 
data.  A program  to  convert  data  files  established  on  the  institute  central  minicomputer 
and  unloaded  for  further  processing  off-site  has  been  developed.  Data  bases  have  been 
established  lor  owl  monkey  demographic,  hematologic  and  serum  chemistry  and  human 
cardiac  patients.  44 
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ABSTRACT 


PROJECT  NO.  3M161102BS02  Basic  Mechanisms  of  Recovery 

From  Injury 

WORK  UNIT  NO.  055  Design  of  Military  Biomedical 

Research  Information  Systems 

The  following  studies  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Data  processing  support  of  biomedical  research 
(General  support) 

STUDY  NO.  2 Direct  computer  support  to  LAIR  departments 

Data  processing  support  is  essential  to  biomedical  research  for  the 
construction  of  mathematical  models,  the  calculation  of  data  transfor- 
mation, graphical  displays  and  data  management.  Some  of  these  functions 
are  necessary  to  meet  the  various  constraints  of  Army  regulations, 
freedom  of  information  acts,  good  laboratory  practices  acts  and  others. 
Whenever  possible  these  needs  are  met  by  acquisition  and/or  modification 
of  standard  programs  or  program  packages.  When  not  possible,  unique 
programs  are  developed.  The  military  relevance  of  raw  data  and  hypotheses 
are  tested  by  the  application  of  mathematical  and  statistical  algorithm. 
Their  validity  in  the  military  environment  is  determined  and  correlation 
with  variables  unique  to  the  military  environment  are  examined. 
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WORK  UNIT  NO.  055  Design  of  Military  Biomedical 

Research  Information  Systems 

STUDY  NO.  1 Data  processing  support  to 

biomedical  research  (General 
support) 


PROBLEM 


The  objective  of  this  study  is  to  provide  software  resources  of  a 
general  nature  to  support  a variety  of  applications  that  are  processed 
on  LAIR  minicomputers  and/or  the  remote  data  processing  facility 
located  at  the  Lawrence  Berkeley  Laboratory  (LBL) . Software  resources 
to  be  provided  include  systems  and  programs  that  provide  data  acauisi- 
tion,  graphical  display  of  data,  and  management  and  analysis  capabila- 
ties  considered  useful  to  the  military  biomedical  research  conducted 
at  LAIR. 

RESULTS  AND  DISCUSSIONS  OF  RESULTS 


For  general  data  processing  support  to  LAIR  investigators,  several 
programs  have  been  implemented  that  are  considered  useful  for  processing 
functions  common  to  applied  experiments. 


Department  of  Information  Sciences 

Applications  Division.  At  present  only  two  institute  data  bases  are 
managed  by  the  Remote  File  Management  System  (RFMS)  because  the  number  of 
data  base  elements  definable  under  that  system  is  limited  and  interfacing 
data  from  RFMS  to  statistical  analysis  systems  requires  programming  of 
report  generators  and  programs  to  output  and  recode  data.  It  has  been 
determined  by  the  LBL  staff  that  the  desirable  generalized  data  base 
management  and  basic  statistical  analysis  system.  Scientific  Information 
Retrieval  (SIR),  is  not  transportable  to  the  LBL  CDC  7600/6600  system. 
Support  of  data  base  management  systems  at  LBL  is  also  changing  and 
remote  users  have  been  informed  of  the  planned  implementation  of  SYSTEM 
2000  and  discontinued  support  of  RFMS.  The  question  of  generalized  data 
base  management  on  the  LAIR  ECLIPSE  C/300  central  minicomputer  is  appro- 
priate for  an  increasing  number  of  institute  applications  that  are  being 
processed  on  that  machine.  It  is  recognized  that  INFOS,  at  present  not 
implemented  under  the  Data  General  Advanced  Operating  System  (AOS) , 
remains  a file  management  system  and  real  data  base  management  capabilities 
cannot  be  realized  in  that  system. 

Department  of  Nutrition 

Bioenergetics  Division.  The  Treadmill  Automated  System  (TAS)has 
been  implemented  on  the  MODCCfMP  II  minicomputer  by  LBL  personnel  and 
sample  test  experiments  have  been  duplicated  by  members  of  the  Bioener- 
getics Division  and  the  Department  of  Information  Sciences.  The  system 
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is  designed  to  minimize  reprogramming  as  treadmill  experiments  and 
hardware  and  information  requirements  change.  The  system  is  also 
designed  to  allow  for  simultaneous  interactive  support  for  nutrition 
surveys  and  it  may  be  transported  and  operated  at  off-site  locations. 

Kood  Hygiene  Division.  A program  has  been  developed  for  the 
CDC  7600/6600  computers  at  LBL  to  decode  a tape  containing  data  files 
copied  from  the  Data  General  C/300  central  minicomputer  system.  This 
program  is  used  to  transfer  coded  microbiological  data  files  from  the 
LAIR  computer  to  the  LBL  computer  for  subsequent  statistical  processing 
and  data  base  storage.  Deblocking  and  recoding  of  the  file  to  effect 
CDC  7600/6600  characterization  is  handled  by  the  program. 

Radioisotope  Division.  A program  has  been  developed  to  handle 
the  input  of  records  from  paper  tape  to  form  an  easily  reusable  disk- 
based  file  image  of  the  tape.  The  name  of  the  permanent  file  to  which 
the  file  is  written  is  specified  by  the  user.  Extraneous  characters  and 
records  are  removed  under  program  control  in  the  process  of  transferring 
character  string  segments  from  tape  to  disk. 

CONCLUSION 


Functions  common  to  data  and  Information  processing  given  in  support  of 
research  activities  are  developed  and  maintained  at  less  cost  through 
utilization  of  general  purpose  systems  and  programs. 

RECOMMENDATIONS 


A study  of  SYSTEM  2000  when  implemented  at  LBL  should  be  performed  and 
its  usefulness  evaluated.  The  availability  of  a generalized  data  base 
management  system  for  Implementation  on  the  LAIR  central  minicomputer 
should  also  be  determined. 

STUDY  NO.  2 Direct  computer  support  to 

LAIR  departments 

PROBLEM 


Advances  in  data  processing  techniques  today  offer  to  military  bio- 
medical investigators  methods  of  information  processing  that  satisfy  a 
variety  of  data  acquisition,  management,  and  analysis  functions.  The 
objective  of  this  study  is  to  provide  the  research  departments  of  LAIR 
with  direct  analysis,  programming,  and  operational  support  at  the 
project  level  to  meet  research  requirements. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Dissimilar  operating  system  features  between  the  LRl.  and  LAIR  data 
processing  environments  now  offer  to  LATR  investigators  n variety  of 
data  processing  capabilities  never  before  available.  Data  acquisition 
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and  analysis  functions  can  be  performed  more  responsively  locally,  while 
the  management  and  analysis  of  larger  data  bases  in  a batch  processing 
environment  can  be  supported  best  a LBL. 

Systems  and  programs  designed  for  investigators  who  prefer  "hands  on" 
access  to  computer  based  information  and  data  processing  resources 
are  being  developed  on  LAIR  minicomputers.  A shortcoming  of  those 
systems,  however,  is  that  some  applications  require  data  management  and 
statistical  analysis  support  which  is  not  available  in-house  at  present. 
This  type  of  support  is  available  at  LBL,  but  cannot  be  implemented  on 
the  in-house  ECLIPSE  C/300  system.  Thus  the  transfer  of  data  between 
the  LAIR  and  LBL  environments  is  becoming  a more  urgent  and  outstanding 
requirement . 

Computer  support  in  FY  77  to  departments  at  LAIR  has  been  directed  more 
to  development  of  systems  and  programs  that  are  uniquely  applicable  to 
an  experiment  than  to  general  purpose  programs  and  systems.  Programming 
to  support  data  entry  and  conversational  processing  functions  requires 
program  control  and  data  flow  to  parallel  the  order  and  structure  of  the 
data  in  a specific  experiment.  Program  development  at  LBL  has  been 
directed  to  unloading  several  data  bases  previously  managed  under  the 
remote  Remote  File  Management  System  (RFMS)  to  establish  files  in  a 
format  acceptable  for  input  to  statistical  packages. 

Department  of  Biomedical  Stress 

Military  Stress  Division.  Analysis  of  muscle  stress  data  has  been 
completed.  An  editor  was  programmed  to  scan  the  file.  After  editing 
and  reporting,  averages  of  data  samples  were  calculated  and  established 
on  file.  More  extensive  analysis  of  the  resultant  file  has  been  com- 
pleted using  the  Statistical  Package  for  the  Social  Sciences  (SPSS). 

Department  of  Comparative  Medicine 

Animal  Resources  Division.  Data  processing  for  the  management 
and  statistical  analysis  of  demographic,  hematologic,  and  serum  chem- 
istry data  collected  from  animals  in  the  LAIR  owl  monkey  breeding  colony 
has  been  developed.  A data  entry  program  (with  extensive  editing  capa- 
bility) and  a report  program  have  been  designed  and  programmed  and  are 
now  being  tested  and  documented.  The  system  was  developed  on  the 
ECLIPSE  C/300,  and  is  used  by  investigators  from  a remote  inter- 
active keyboard/display  terminal.  All  animal  identification  and  hemo- 
gram records  previously  recorded  in  laboratory  notebooks  have  been 
established  on  file  and  the  entry  serum  chemistry  records  has  been 
initiated . 
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Pathology  and  Comparative  Study  Division.  To  determine  the 
availability  of  an  in-house  veterinary  pathology  data  management  system, 
an  extensive  literature  search  and  inquiry  and  inquiry  of  universities 
and  research  institutes  maintaining  such  systems  have  been  performed. 

At  present,  the  Natural  Language  Retrieval  System  (NLRS) , developed  at 
the  University  of  California  at  Los  Angeles,  seems  to  be  the  best  system 
to  edit,  manage,  retrieve,  and  analyze  pathology  data  with  a natural 
language  processing  capability.  Requirements  exist  for  investigators 
to  process  data  entry  and  retrieval  functions  in  a conversational  mode 
at  an  interactive  terminal. 

Department  of  Dermatology 

Cutaneous  Infection  Division.  Files  managed  by  the  Dermatology 
Data  Collection  System  (DDCS)  containing  data  acquired  in  three  year-long 
periods  of  collection  of  outpatient  data  have  been  reported  and  archived. 
Requirements  to  analyze  statistically  the  acquired  data  have  been  out- 
lined. Acquired  data  elements  common  to  each  of  the  years  of  data 
collection  have  been  recoded  to  establish  a single  file  of  records  for 
input  to  SPSS.  Over  14b, 000  initial  patient  visit  records  are  to  be 
analyzed.  Preliminary  analysis  has  indicated  the  need  for  categorizing 
diagnostic  codes  within  that  file  and  a request  for  such  a classification 
lias  been  forwarded  to  investigators.  Additionally,  a manager  program 
which  reports  and  updates  records  in  the  DDCS  system  has  been  developed 
and  documented. 

Cutaneous  Protection  Division.  A mosquito  repellent  effective- 
ness data  base  managed  under  RFMS  has  been  archived,  and  requirements 
for  multivariate  statistical  analysis  of  the  data  base  with  the  use  of 
SPSS  have  been  developed.  Logical  entries  of  data  in  the  RFMS  data 
base  are  non-rectangular , thus  for  input  to  SPSS,  linearization  of  the 
data  base  is  required.  A design  document  for  programs  required  to 
reformat  and  recode  approximately  4,100  repellent  effectiveness  measure- 
ments to  create  an  SPSS  compatible,  file  is  being  assembled.  Addition- 
ally, variables  describing  properties  of  insects  and  volunteers,  infor- 
mation previously  not  collected  in  the  RFMS  data  base,  will  be  defined 
in  the  SPSS  data  base  and  are  to  be  used  in  future  data  collection  and 
analysis. 

Department  of  Medicine 

Metabolic  Laboratory  Division.  Programs  to  store  and  analyze  data 
acquired  from  the  division’s  beta  counter  have  been  implemented  and 
the  system  is  in  production.  Tnput  of  paper  tape  for  disk-based  storage 
and  standard  curve  and  unknown  samples  analysis  is  now  performed  by  the 
user  from  a remote  terminal  located  in  the  division.  A system  required 
to  manage  and  analyze  patient  medication  intake  and  temperature  response 
data  is  to  be  designed  and  programmed.  Likewise,  in-house  hardware 
required  to  support  the  application  is  to  be  identified. 


Department  of  Nutrition 

Bioenergetics  Division.  Energy  expenditure  data  reduction 
and  analysis  programs  have  been  converted  from  the  LBL  environment  to 
the  in-house  MODCOMP  II  minicomputer.  Signal  error  detection  and 
the  real-time  display  of  monitored  data  have  been  programmed.  Programmer 
and  user  documentation  manuals  for  the  Treadmill  Automated  System  (TAS) 
must  be  developed  as  little  formal  documentation  was  developed  when  the 
system  was  created  by  LBL. 

Food  Hygiene  Division.  The  function  of  microbiological  data 
entry  performed  under  program  control  at  an  on-line  terminal  has  replaced 
batch  processing  of  data  input  from  cards.  Recoding  of  data  from  labora- 
tory reports  to  keypunch  forms  and  keypunching  of  card  records  has  been 
eliminated  in  the  system.  File  transfer  requirements  from  the  ECLIPSE 
C/300  to  LBL  (only  the  data  entry  function  is  programmed  at  LAIR)  are 
satisfied  with  the  program  described  in  Study  No.  1.  Development  of  a 
data  editor  resident  in  the  LBL  system  has  been  completed.  All  required 
reportings  of  data  contained  in  the  1976  data  base  have  been  completed 
including  processing  of  1,500  reportings  received  from  the  Centralized 
Food  Preparation  Facility  (CFFF)  at  Ft.  Lee,  Virginia,  a new  contributor 
of  information  to  the  data  base.  Microfilm  recorded  histogram  displays 
depicting  the  frequency  of  occurrence  of  varying  bacteria  content  levels 
amount  similar  food  class  and  item  samples  remain  to  he  processed. 

Radioisotope  Division.  Programs  existing  on  the  RCA  301 
computer  at  USAMRNL  developed  to  support  beta  counter  data  reduction  and 
analysis  have  been  converted  to  the  ECLIPSE  C/300  system  with  substantial 
modifications  to  allow  program  execution  in  a time-sharing  environment. 
Through  conversational  processing,  the  entry  of  user  supplied  data  has 
been  simplified  and  data  interfaces  between  programs  in  the  system  are 
now  handled  under  program  control  transparent  to  the  user.  Requirements 
for  data  processing  support  to  reduce  and  analyze  gamma  counter  data  have 
been  specified,  a system  has  been  designed,  and  programming  has  been 
initiated  on  the  ECLIPSE  C/300  computer.  Functionally,  the  system  is 
designed  to  calculate  standard  curve  coefficients  with  the  use  of  any  of 
four  models:  a logit-log  model,  a non-linear  four-parameter  model,  a 
hyperbolic  model,  and  an  adjusted  end  points  logit-log  model.  Optionally, 
the  "best-fit"  standard  curve  may  be  program  selected. 

PUBLICATIONS 

FOWLER,  J.L.,  D.L.  STUTZMAN,  .J.F.  FOSTER,  and  W.H.  LANGLEY.  Selected 
food  microbiological  data  collected  through  a computerized  program. 

J Food  Prot  40:3,  1977 
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23.  (U)  Various  nutrients  have  been  Implicated  In  wound  healing,  bone  repair  and 
Integrity,  prevention  of  various  cardiovascular  and  degenerative  diseases,  adaptation 
to  environment  and  stresses,  muscle  functions  and  energy  metabolism.  Objective  is  to 
conduct  fundamental  research  directed  toward  present  or  potential  military  problems  con- 
cerning nutrition  and  metabolism,  and  the  role  of  diet  In  health,  disease.  Infection, 
Immune  response,  and  recovery  from  Injuries. 

24.  (II)  Through  use  of  laboratory  animals  and  tissue  culture  systems,  the  biochemical 

basis  of  the  role  of  nutrients  and  related  compounds  will  be  investigated  as  they  mav 

relate  to  the  prevention  and  treatment  of  injury  and  disease,  and  to  the  functioning 
of  military  personnel  under  various  conditions.  Included  for  study  are  Interactions 
of  nutrition  in  toxicology  and  parenteral  nutrition,  aspects  of  medicinal  nutrition, 
and  pharmacological  effects  of  vitamins  and  other  nutrients.  Techniques  will  be 
developed  and  investigations  conducted  that  will  provide  knowledge  as  to  the  require- 
|ments,  metabolism.  Interactions,  utilization,  and  functions  of  nutrients  that  mav  be 
utilized  In  applied  studies  in  military  medicine  and  ration  development. 

25.  (II)  7t>  10  - 77  09  In  contrast  to  the  skeletal  muscle,  the  brain  does  not  appear 

to  adapt  to  exercise  by  increasing  Its  enzymatic  capacity  for  ketone  body  oxidation. 

iThls  emphasizes  the  Importance  of  maintaining  plasma  glucose  levels  during  exercise. 
'Salicylates  had  no  effect  on  carnitine  acetyltransferase.  Salicylates  stimulate 
fatty  acid  oxidation  in  skeletal  muscle  mitochondria  by  a mechanism  unrelated  to 
(mitochondrial  uncoupling.  Silicon  levels  in  skin  and  tendons  are  influenced  by  dietary 
Islllcon.  Dietary  silicon  has  little  effect  on  45Ca  uptake  by  the  bone,  and  no  effect 
Ion  calcium  absorption  from  the  Intestine. 
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ABSTRACT 


PROJECT  NO.  3M61102BS02  Basic  Mechanisms  of  Recovery  from 

Injury 

WORK  UNIT  NO.  056  Biochemical  Basis  of  Nutrition, 

Disease,  and  Recovery  in  Military 
Personnel 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Dietary  control  of  energy  metabolism 

STUDY  NO.  2 Trace  elements  in  wound  healing,  collagen 
metabolism,  and  bone  metabolism 

STUDY  NO.  1.  Three  new  experiments  have  been  written  and  approved  for 
study  under  this  work  unit.  Experiment  1 is  designed  to  test  the 
efficacy  of  dietary  linoleate  and  undecanoate  as  gluconeogenic  energy 
sources  for  exercising  rats.  Experiment  2 is  designed  to  evaluate  the 
influence  of  exercise  on  enzymes  of  brain  ketone  body  metabolism.  In 

the  third  experiment,  the  effect  of  anatomical  site  and  exercise  on  the 
turnover  rate  of  various  rat  adipose  tissue  depots  is  being  investigated. 
Research  is  currently  underway  in  all  three  of  these  areas. 

STUDY  NO.  2.  Studies  have  been  initiated  to  investigate  the  roles  of 
various  trace  elements  in  bone  formation  and  connective  tissue  metabo- 
lism. Silicon  apparently  plays  a role  in  connective  tissue  metabolism 
and  may  function  in  the  bone  formation  process. 


BODY  OF  REPORT 


WORK  UNIT  NO. 


Biochemical  Basis  of  Nutrition, 
Disease,  and  Recovery  in  Military 
Personnel 


STUDY  NO. 


Dietary  control  of  energy  metabolism 


PROBLEM 

The  objective  of  this  study  is  to  obtain  basic  Information  on  the 
potential  of  dietary  modifications  to  enhance  physical  performance. 
Inherent  in  studies  of  this  nature  is  the  need  for  basic  biochemical 
information  on  the  energy  pathways  being  investigated.  We  are 
attempting  to  answer  the  following  questions:  Will  dietary  modifi- 
cations designed  to  elevate  muscle  and  liver  glycogen  prolong 
endurance?  Does  the  brain  adapt  to  chronic  exercise  by  decreasing 
its  reliance  on  glucose  as  an  energy  source  and  increase  its  reli- 
ance on  ketone  bodies?  Which  storage  source  of  fat  energy  is  the 
most  important  during  exercise,  e.g.,  the  fat  stored  in  close  proximity 
to  the  viscera,  or  that  stored  in  greater  bulk  around  the  kidneys,  or 
that  stored  in  various  subcutaneous  sites?  Answers  to  these  questions 
will  provide  information  needed  to  design  diets  to  enhance  physical 
performance  required  of  personnel  in  military  operations. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Preliminary  results  of  a portion  of  this  study  indicate  that  unlike 
skeletal  muscle,  the  brain  does  not  adapt  to  exercise  by  increasing  its 
enzymatic  capacity  for  ketone  body  oxidation.  This  emphasizes  the 
importance  of  plasma  glucose  concentrations  during  exercise. 

A final  experiment  was  conducted  on  the  effect  of  salicylates  on 
fatty  acid  oxidation  (from  Work  Unit  058).  Salicylate  had  no  effect 
on  carnitine  acetyltransf erase;  thus  a potential  site  of  action  of  this 
compound  in  its  enhancement  of  fatty  acid  oxidation  was  eliminated. 

The  results  from  this  experiment  indicate  that  salicylate  stimulates 
fatty  acid  oxidation  in  skeletal  muscle  mitochondria  by  a mechanism 
unrelated  to  mitochondrial  uncoupling. 

CONCLUSIONS 

The  stimulation  of  fatty  acid  oxidation  by  pharmacological  levels  of 
salicylate  has  been  documented  with  skeletal  muscle  mitochondria. 
Several  proposed  mechanisms  of  action  of  salicylate  in  exerting 
this  effect  have  been  discredited;  however,  the  exact  mechanism 
remains  to  be  elucidated. 


53 


RECOMMENDATIONS 


Research  on  the  biochemical  mechanism  of  action  of  salicylate  in 
stimulating  fatty  acid  oxidation  will  be  continued  at  Fitzsimons 
Army  Medical  Center,  Department  of  Internal  Medicine  by  the  former 
principal  investigator,  CPT  R.E.  Jones. 
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STUDY  NO 


2 


Trace  elements  in  wound  healing, 
collagen  metabolism  and  bone 
metabolism. 


PROBLEM 


Many  trace  elements  are  involved  In  bone  calcification  and  collagen  or 
elastin  metabolism  and  thus  may  be  important  in  recovery  from  injury. 
Silicon,  a mineral  whose  essential  role  has  recently  been  described, 
has  been  implicated  in  bone  formation  and  in  connective  tissue  metabo- 
lism. The  initial  experiments  under  this  study  were  designed  to 
establish  procedures  for  studying  silicon  metabolism  and  to  obtain 
basic  information  regarding  silicon  distribution  and  function. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Marginal  silicon  deficiencies  have  been  produced  in  rats  maintained  in 
a "trace  element  sterile"  isolator  for  periods  of  3 to  5 weeks,  by 
feeding  them  a purified  amino  acid  diet  which  contained  less  than  5 ppm 
silicon.  Growth  rates  were  significantly  improved  by  the  addition  of 
silicon  to  the  diet.  The  silicon  contents  of  the  skin  and  tendons 
were  directly  related  to  the  level  of  dietary  silicate.  Silicon  levels 
of  other  tissues,  like  muscle,  heart,  liver  and  kidneys  were  not 
affected  by  dietary  silicate.  This  indicated  that  silicon  may  be 
involved  in  connective  tissue,  and  possibly  collagen  metabolism. 

Organically  bound  silicon,  in  the  form  of  diphenylsilanediol,  which 
significantly  increased  growth  rates,  influenced  silicon  contents  of 
the  liver  and  skin.  This  indicated  that  the  organic  silicon  compound 
could  have  been  metabolized  by  the  liver  before  being  used  by  the 
connective  tissues. 

Preliminary  experiments  were  conducted  to  study  the  effects  of  dietary 
silicon  on  45calcium  (45Ca)  metabolism,  since  silicon  was  found  to  be 
uniquely  located  at  the  site  of  active  calcification  in  the  bone;  it 
was  hypothesized  that  silicon  is  involved  in  the  bone  calcification 
process.  Dietary  silicate  or  mild  silicon  deficiency  has  no  apparent 
effect  on  45Ca  absorption  from  the  duodenum.  Only  a slight  (but  not 
significant)  depression  of  45Ca  uptake  by  the  femur  30  minutes  after 
injection  was  observed  in  weanling  rats  whose  mothers  were  maintained 
on  low  silicon  diets  some  two  weeks  before  parturition.  A time  course 
study  is  needed  to  confirm  the  above  observations. 


CONCLUSIONS 


Silicon  is  apparently  involved  in  connective  tissue  metabolism  and  may 
be  involved  in  bone  metabolism. 
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RECOMMENDATIONS 

i*  68  °"  ^he  “echanism  by  which  silicon  acts  on  connective  tissue 

metabolism  and  bone  formation  should  be  continued. 

2.  Studies  on  the  effects  of  other  trace  elements  on  wound  healing 
connective  tissue  metabolism,  and  bone  metabolism  are  necessary. 

J.  Studies  on  the  roles  of  essential  tissue  elements  on  performance 
and  muscle  dysfunction  should  be  initiated. 
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23.  (U)  Attainment  and  maintenance  of  optimum  metabolism  is  of  prime  Import  to  the 
Armed  Forces  and  requires  a constant  search  for  new  methods  for  Improving  and  evaluating 
physiological  status.  Status  reflects  nutrlture  and  body  hydration,  and  may  be  affected 
by  age,  sex,  state  of  health,  dietary  constituents,  vitamins,  hormones,  therapeutic 
agents,  and  varied  stresses,  all  of  which  should  be  reflected  In  body  composition 
changes  and  related  physiological  parameters.  General  objective  is  to  conduct  fundamen- 
tal research  that  will  provide  guidance  about  dietary  alterations  and  nutritional  prac- 
tices that  can  be  applied  for  Increased  efficiency  of  military  personnel  operating  under 
various  combat  and  environmental  stresses. 

24.  (!')  Approaches  will  be  to  (a)  investigate  the  physiological  basis  of  nutrition, 
pulmonary  function,  and  phvslcal  status,  utilising  human  subjects  and  experimental  anl- 
mala;  (b)  atudy  the  physiologic  and  metabolic  adaptations  to  nutritional  and  environ- 
mental stresses.  Including  research  on  the  relationship  of  nutrient  requirements;  and 
(c)  develop  techniques  and  biomedical  instrumentation  to  measure  body  composition,  cal- 
oric requirements,  and  other  nutrient  requirements;  and  (d)  Investigate  through  the  use 
of  animal  models  the  metabolic  and/or  neurophysiological  basis  of  stress  and  diet-in- 
duced changes  In  voluntary  food  and  water  consumption. 

25.  (U)  76  ’0  - 77  09  Computer  programming  for  evaluating  and  improving  bodv  composi- 
tion measurements  and  feedback  control  (from  pulse  rates,  oxygen  consumption,  etc.)  of 
treadmill  operations  are  being  completed.  Resplratorv  quadrapole  mass  spectrometer  has 

een  built  and  Is  being  tested  by  contract.  Protocols  utilizing  these  new  techniques 
for  investigating  nutritional  requirements  for  mllltarv  personnel  and  effects  upon 
illtarv  performance  are  being  drafted.  Data  for  two  human  protein  studies  on  require- 
nts  during  physical  training  are  being  computer-processed  and  evaluated. 
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ABSTRACT 


PROJFCT  HO.  3M1611O2RS0?  Basic  Mechanisms  of  Recovery  from 

Tnlurv 

WORK  HNIT  NO.  057  Nutritional  Physiology  in  Health 

and  Prevention  of  Tn.lury  in  the 
Military 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STIRIY  HO.  6 evaluation  of  protein  requirements  during  heavy  physi- 
cal activitv 


ST1DY  NO.  7 Development  of  instrumentation  and  methodology  for 
evaluating  physiological  status 

STUDY  HO.  6.  Analyses  of  samples  and  processing  of  data  collected  from 
two  studies  on  the  adenuaev  of  protein  allowances  during,  heavv  physical 
training  (e.g.,  basic  training  of  military  inductees)  have  been  ongoing. 
Concentrations  of  nitrogen,  sodium,  potassium,  calcium,  and  magnesium 
were  determined  from  samples  of  blood,  fee.es,  sweat,  and  urine.  Morb 
performance  and  bodv  compositional  data  are  Being  processed  as  computer 
programming  is  being  completed,  and  punched  paper  tape  problems  are 
being  resolved.  Most  of  the  data  are  now  readv  for  statistical  analyses 
and  evaluations.  Preliminary  indications  were  that  HRC  allowances  of 
protein  (0.6  g/kg  of  bodv  weight)  would  maintain  nitrogen  balances  after 
adapting  to  the  diet,  while  military  allowances  (l.A  g/kg  of  body  weight) 
were  adequate  for  protein  or  muscle  synthesis  during  physical  training. 
Further  evaluations  will  be  made  after  analyzing  the  work  performance 
and  body  compositional  data. 


STVDY  NO.  7.  The  acquisition  of  the  minicomputer  for  on-line  data  pro- 
cessing and  experimental  control  and  the  quadropole  mass  spectrometer 
(under  construction  bv  contract)  will  greatly  enhance  our  capabilities 
for  determining  nutrient  requirements  of  personnel  undergoing  stresses 
commonly  encountered  in  military  situations  and  for  evaluation  of  the 
physical  and  physiological  status  of  military  personnel.  However, 
these  acquisitions  have  also  created  the  need  for  instrument  interfac- 
ing and  computer  programming  prior  to  their  use.  Most  of  the  updating 
of  equipment  and  techniques  to  the  current  state-of-the-art  have  pro- 
gressed expeditiously  and  is  nearing  completion.  Specific  protocols 
with  the  use  of  these  techniques  are  being  developed  to  evaluate  nutri- 
ent requirements  of  personnel  performing  military  duties  in  different 
environments. 
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ROPV  OF  REPORT 


WORK  UNIT  NO.  057 


STimY  NO. 


Nutritional  Physiology  in  health  and 
Prevention  of  Injury 

T/aluation  of  protein  requirenents 
during  pbvsical  training  and  heavy 
physical  actJvitv 


PROBLEM 

Basic  training  for  military  inductees,  advanced  and  specialized  train- 
ing for  most  combat  arms  personnel,  and  the  refresher  training  upon 
activation  of  the  National  Guard  or  Reserve  personnel  have  a large  por- 
tion of  time  dedicated  to  physical  training  and  conditioning.  Any 
factors  that  would  contribute  to  the  efficiency  and  effectiveness  of 
these  programs  would  benefit  all  services  and  the  personnel  undergoing 
training.  The  amounts  of  dietary  protein  required  during  physical  con- 
ditioning have  been  a long-term  controversy  (for  at  least  120  years)  and 
have  recently  reappeared  in  the  literature.  This  study  was  designed  to 
evaluate  the  adequacy  of  the  National  Academy  of  Sciences-National  Re- 
search Council's  Recommended  Allowances  (NRC)  versus  those  of  the  mili- 
tary (AR  AO-75)  during  periods  of  physical  conditioning  and  heavy 
physical  activity. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


The  first  two  phases  of  this  study  were  conducted  during  January  through 
April  1976,  and  the  experimental  details  were  presented  in  the  Annual 
Report  FY  76.  Mineral  and  nitropen  catabolite  concentrations  were  de- 
termined in  the  samples  of  blood,  urine,  feces,  and  sweat  collected  during 
the  study.  Oxygen  consumption  and  other  worb  performance  data  from  the 
treadmill  tests  have  been  extracted  and  are  undergoing  evaluation.  Pro- 
gramming of  the  body  composition  and  pulmonary  function  data  reduction 
are  nearing  completion,  and  these  data  will  be  processed  in  the  near 
future.  Preliminary  information  from  nitrogen  balance  data  indicated 
that  balances  could  be  attained  at  the  NRC  allowance  of  protein  (0.6  g/ 
kg  of  body  weight)  during  physical  conditioning  after  a 12-day  sedentary 
period  of  adaptation  to  the  low  dietary  levels  of  protein,  and  that  the 
military  allowances  (100  g/day  or  1.4  g/kg  of  body  weight)  were  adequate 
for  nitrogen  retention,  indicative  of  increased  muscle  mass  or  body  pro- 
tein stores.  Positive  potassium  balances  were  consistent  with  these 
results.  These  results  were  obtained  by  using  well-defined  highly  di- 
gestible liquid  diets. 


CONCLUSIONS 


Initial  indications  were  that  the  NRC  allowances  for  protein  would  pro- 
vide for  nitrogen  balances  during  pbvsical  training  after  adapting  to 
these  diets,  and  that  militarv  allowances  would  provide  sufficient 
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protein  for  increasing  muscle  mass.  The  effects  of  these  protein  levels 
upon  body  composition  and  work  capacities  will  be  assessed  when  data 
reduction  and  analyses  have  been  completed. 

recommendations 


Data  analyses  should  be  completed  and  the  final  phase  of  the  study 

should  be  conducted,  probably  with  the  use  of  normal  military  diets. 

The  design  for  the  final  phase  of  the  study  will  depend  upon  the  com- 
plete evaluation  of  the  first  two  phases. 

PUBLICATIONS 

1.  JOHNSON,  H.L.,  C.F.  CONROIAZIO,  D.D.  SCHNAKFNRFRG , M.  GTTHMMAN,  and 
B.W,  SCHVENNEKER . The  effects  of  initiating  heavy  physical  train- 
ing of  man  upon  mineral  excretions  and  balances.  (Abstract)  Fed 
Proc  36:  1130,  1077. 

2.  C0NS0LZAI0,  C.F.,  D.D.  SCHNAKENBERG,  H.T..  JOHNSON,  J.  SKALA,  R. 
FULTS,  and  S.  HULL.  Evaluation  of  the  NRC  protein  allowances  dur- 
ing heavy  physical  activity  (Abstract)  Fed  Proc  36:  1172,  1977. 

3.  C0NS0LA7.I0,  C.F.,  and  D.D.  SC1DJAKENBERG.  Nutrition  and  the  re- 
sponses to  extreme  environments.  Fed  Proc  36:  1673,  1977. 

STUDY  NO.  7 Development  of  instrumentation  and 

methodology  for  evaluating  physio- 
logical status 

PROBLEM 


The  effects  of  nutritional  and  environmental  stresses  are  reflected  by 
physiological  status,  including  cardiopulmonary  function,  body  compo- 
sition, and  physical  work  capacity.  Highly  sophisticated  instrumenta- 
tion and  methodology  are  required  to  investigate  adequately  the  effects 
of  stress  on  these  parameters.  In  addition,  many  military  situations 
require  the  soldier  to  perform  strenuous  physical  activities  while 
under  nutritional  and  environmental  stress.  To  ensure  that  the  soldier 
is  able  to  perform  adequately  under  such  conditions,  heavy  physical  ac- 
tivity must  be  incorporated  into  experimental  protocols.  Since  physi- 
cal activity  increases  the  difficulty  of  measuring  physiological  param- 
eters, more  complex  instrumentation  is  required  for  studies  involving 
activity  than  for  studies  under  static  conditions.  Complex  instrumen- 
tation and  methodology  also  allow  investigation  of  the  dynamics  of  the 
responses  to  stress,  an  important  factor  in  understanding  the  response. 
The  development  of  a laboratory  Incorporating  high-speed  instrumentation, 
automated  data  acquisition,  complex  computerized  analysis  procedures, 
and  suitable  methodology  will  facilitate  extensive  evaluation  of  the 
effects  of  nutritional  and  environmental  stress. 
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RESULTS  ANT)  DISCUSSION  OF  RESULTS 


All  developmental  work  Is  aimed  at  automating  data  acquisition  under 
control  of  the  Modcomp  II  minicomputer  (MCTI)  and  providing  data  pro- 
cessing on  the  MCIT,  the  Data  General  Eclipse  (03000)  computer  in  the 
Department  of  Information  Sciences,  or  the  CDC  7600  system  at  Lawrence 
Berkeley  Laboratories  (LBL) . 

The  treadmill  automation  system  (TAS) , a computer  software  package  for 
controlling  real  tine  computer  data  acquisition  by  the  MCIT  during 
treadmill  experiments,  was  delivered  by  LBL  in  July  1977.  Preliminary 
tests  for  software  in  the  LAIR  environment  indicate  that  it  will  per- 
form as  intended.  Data  acquisition  from  the  continuous  gas  analyser  is 
currently  being  implemented  to  operate  under  TAS  on  the  MCTI. 

The  digital  treadmill  controller,  providing  stand-alone  program  control 
of  treadmill  speed  and  elevation  as  well  as  an  interface  to  the  MCII 
for  program  control  under  TAS,  has  undergone  final  testing.  Its  con- 
trol functions  are  presently  being  integrated  with  TAR.  Development  of 
a similar  controller  for  the  laboratory's  bicycle  ergometers  has  been 
initiated. 

The  Small  Animal  Feeding  Data  Acquisition  System  (SAFDAS)  has  passed 
final  engineering  tests  and  is  ready  for  laboratory  use.  Hardware  and 
software  development  to  facilitate  data  transfer  from  the  Datel  digital 
cassette  recorder  to  the  MCII  has  been  completed.  This  is  a prerequi- 
site for  computer  processing  of  data  collected  via  SAFDAS.  In  prepara- 
tion for  the  delivery  and  installation  (second  quarter  FY  78)  of  the 
Respiratory  Mass  Spectrometer  (RMS)  being  developed  under  contract  at 
the  University  of  Colorado,  a Data  General  NOVA  1220  minicomputer  was 
acquired  from  excess  property.  Hardware  and  software  modifications  were 
ordered  to  facilitate  RMS  control  via  the  NOVA  1220.  Assembly  of  the 
interface  between  the  RMS  and  NOVA  1220  is  in  progress. 

Software  has  been  developed  on  the  MCIT  which  provides  a data  line,  via 
acoustic  coupler  and  telephone  line,  from  the  MCIT  to  the  Remote  Equip- 
ment Control  System  at  LBL.  Via  this  data  line,  data  acquired  with  the 
MCII  will  be  transferred  to  the  CDC  7600  computer  system  at  LBL  where 
extensive  manipulation  and  statistical  analyses  are  possible. 

Software  is  under  development  to  allow  integration  of  the  MCIT  into  the 
LAIR  minicomputer  network  managed  under  the  C3000.  Methods  have  been 
developed  to  format  data  strings  acceptable  to  the  C3000  and  append 
cyclic  redundancy  code  check  words  to  the  strings,  enabling  transmis- 
sion error  detection. 

A heart-rate  monitor  interface  for  the  MCIT  has  been  designed  and  as- 
sembled. It  is  now  being  optimized.  The  interface  will  allow  the  MCII, 
operating  under  TAR  control,  to  monitor  heart  rate  on  a beat-by-bcat 
basis  during  exercise  studies. 


The  interface  for  the  data  line  connecting  the  K40  shadow  shield 
counter  to  the  MCII  has  been  designed.  Assembly  will  proceed  when  com- 
ponents, which  are  on  order,  have  been  received.  Software  for  managing 
K40  data  filed  on  the  MCII  is  80%  completed.  Software  for  extended  an- 
alysis of  K40  data  is  under  development  and  is  25%  completed. 


The  acquisition  of  the  minicomputer  for  on-line  data  processing  and  ex- 
perimental control  and  acquisition  of  the  quadrapole  mass  spectrometer 
(under  construction  by  contract)  will  greatly  enhance  our  capabilities 
for  determining  nutrient  requirements  for  personnel  undergoing  stresses 
commonly  encountered  in  military  situations  and  for  evaluation  of  the 
physical  and  physiological  status  of  military  personnel.  However,  these 
acquisitions  have  also  created  the  need  for  instrument  interfacing  and 
computer  programming  prior  to  their  use.  Most  of  this  updating  of  equip- 
ment and  techniques  to  the  current  state  of  the  art  has  progressed  ex- 
peditiously and  is  nearing  completion.  Specific  protocols  in  which  these 
techniques  are  used  are  being  developed  to  evaluate  nutrient  requirements 
of  personnel  performing  military  duties  in  different  environments. 


PUBLICATIONS 
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23.  (U)  Prevention  or  control  of  disease  depends  on  complete  understanding  of  the  abnor- 
mal processes  involved,  from  initial  injury  of  the  cell  to  repair.  These  experiments 
will  encompass  diseases  of  military  importance  such  as  skeletal  injury  of  soldiers  and 
economically  important  diseases  of  laboratory  animals.  They  will  provide  information 

on  cellular  response  to  specific  Injury  and  will  form  a basis  for  studies  of  a more 
clinical  nature. 

24.  (II)  Diseases  of  particular  importance  to  the  Army  which  are  poorly  understood  will 
be  studied  at  the  cellular  level  in  appropriate  human  or  animal  cells.  Electron  micros- 
copy, histochemistry,  and  quantitative  analytical  methods  will  be  used.  Basic  differen- 
ces between  normal  and  affected  cells  will  be  sought,  and  hypotheses  regarding  the  dis- 
ease mechanism  will  be  proposed  and  tested.  Initial  studies  will  involve  control  of 
calcium  metabolism  and  early  detection  of  diseases  of  laboratory  animals.  A new  enzyme 
histological  technique,  peroxidase-antiperoxidase  localization  of  biologically  important 
proteins,  will  be  standardized  and  implemented. 

23.  (II)  7610-7709  Progress  has  been  hampered  by  shortage  of  trained  technicians.  Felim- 
svnc*rlal  virus  (FSV)  and  owl  monkey  adenovirus  (OMA) , both  prevalent  infections,  have 
been  chosen  as  test  systems.  Antigens  have  been  purified  and  antibodies  are  being  pre- 
pared to  attempt  rapid,  specific  diagnosis  of  these  and  subsequently  other  viral  diseases 
of  laboratory  animals,  precluding  the  need  for  virus  isolation.  The  technique  will  also 
permit  study  of  the  pathogenesis  of  troublesome  diseases  (e.g.,  FSV  and  OMA),  thus 
contributing  to  eventual  control  of  those  diseases.  Localization  of  c;tlcium-binding 
protein  In  studies  of  human  bone  disease  are  In  progress. 
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ABSTRACT 

PROJECT  NO.  3M161102BS02  Basic  Mechanisms  of  Recovery 

from  Injury 

WORK  UNIT  NO.  061  Disease  Mechanisms  at  the  Cellular 

Level 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Feasibility  of  the  use  of  immunoenzvme -labeled 

antibody  in  the  histopathological  diagnosis  of 
viral  laboratory  animal  diseases 

STUDY  NO.  2 Role  of  CaBP  in  mineral  metabolism 

NON-NUMBERKD  STUDIES  (reported  under  work  units  of  other  LAIR 
invest igators) 

Work  pet  formed  under  this  work  unit  included  animal  necropsy, 
histopathology , clinical  pathology  (hematology,  clinical  chemistry, 
microbiology),  scanning  and  transmission  electron  microscopy,  and 
special  morphometric  procedures.  These  techniques  were  applied  to 
two  numbered  studies  addressing  cellular  responses  in  disease,  and  to 
30  additional  studies  in  collaboration  with  or  in  support  of  the 
principal  investigators  of  the  additional  studies.  Tie  latter  effort 
represented  complete  support  in  veterinary  pathology  for  all  LAIR  and 
LAMC  investigators  who  required  it.  The  specific  work  units  and  programs 
supported  are  tabulated  in  the  text  of  this  report,  and  all  resulting 
publications  are  listed. 

STUDY  NO.  1.  This  study  was  delayed  until  a technican  was  obtained 
in  January  1977,  and  subsequently  trained.  Accomplishment  was  princi- 
pally in  preparation  and  testing  of  specific  antisera  and  antiserum- 
enzyme  conjugates  to  be  used  in  diagnostic  studies  of  laboratory  animal 
diseases.  These  reagents  and  candidate  tissues  are  now  available, 
and  tests  are  in  progress  to  evaluate  the  feasibility  of  immunohisto- 
chemlstry  for  rapid  detection  of  feline  herpesvirus  and  owl  monkey 
adenovirus  infection. 

STUDY  NO.  2.  Independent  investigations  in  this  study  were  precluded 
by  departure  of  a co-investigator  and  both  experienced  technicians.  An 
untrained  replacement  technician  became  available  for  8 months.  His 
on-the-job  training  was  accomplished  through  his  performance  of  related 
collaborative  studies  under  supervision  of  the  remaining  part-time 
investigator.  The  conclusions  resulting  from  this  work  are  reported 
under  Project  No.  3A161 101A91C , Work  Unit  ObO,  Study  No.  9;  localization 
of  calcium-binding  protein  for  those  experiments  were  performed  under 
this  work  unit. 
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NON-NUMBERED  STUDIES.  Work  accomplished  in  support  of,  or  in  collabora- 
tion with,  other  LAIR  investigators  is  reported  under  their  work  units, 
as  tabulated  in  the  body  of  this  report.  Results  of  investigations 
supported  for  Clinical  Investigation  Service,  LAMC,  are  described  in  the 
LAMC  report.  One  study  which  was  begun  as  a collaborative  effort  with 
LAMC  and  subsequently  discontinued  by  them  was  converted  to  an  investi- 
gation of  gastrointestinal  transit  time  and  completed  under  this  work 
unit.  The  work  was  done  in  rhesus  monkeys,  and  the  conclusion  was  that 
transit  time  of  a marker  meal  (barium  labeled,  monitored  radiographically) 
could  not  distinguish  normal  animals  from  those  with  a history  of  (and 
therefore  future  predisposition  towards)  acute  gastric  dilatation. 


BODY  OF  REPORT 


WORK  UNIT  NO.  061  Disease  Mechanisms  at  the  Cellular 

Level 

STUDY  NO.  1 Feasibility  of  the  use  of  immuno enzyme 

labeled  antibody  in  the  histo- 
pathological  diagnosis  of  viral 
laboratory  animal  diseases 

PROBLEM 

Healthy  laboratory  animals  are  a vital  resource  for  Army  medical  research 
Diseased  animals  are  wasteful  of  this  resource  and  the  loss  is 
compounded  when  experiments  cannot  be  evaluated  properly  because  of 
intercurrent  disease  in  the  research  animals.  Accurate  and  expedi- 
tious means  to  detect  and  diagnose  diseases,  particularly  viral  diseases, 
are  therefore  highly  desirable.  It  is  usually  impractical  to  use 
standard  procedures  to  culture,  isolate,  and  identify  the  virus(es) 
that  cause  disease  in  laboratory  animals.  Techniques  using  enzyme- 
labeled  specific  antibody  have  been  used  for  rapid  detection  and 
identification  of  viral  antigens  in  human  tissue.  The  advantage  of 
these  techniques  lies  in  their  rapidity,  sensitivity,  and  reliability. 
This  method  will  be  adapted  to  detect  and  identify  viral  antigens  in 
fixed  and  frozen  tissue  as  a rapid  and  economical  means  to  diagnose 
specific  viral  diseases  of  laboratory  animals.  When  the  technique 
is  established  for  a model  system,  it  will  be  adapted  by  using 
appropriate  antirsera  for  quick  identification  of  other  specific  viral 
antigens  which  may  be  present  in  the  tissues  of  both  sick  and  apparently 
healthy  laboratory  animals. 

Candidate  diseases  for  which  a rapid  specific  detection  method  is 
needed  include  herpes  and  syncytial  viral  (FeSFV)  infection  in  cats, 
adenoviral  infection  in  owl  monkeys,  and  Sendai  viral  infection  in 
rodents.  Surveillance  for  presence  of  viral  agents  is  conducted  under 
Project  No.  3M762772A812 , Work  Unit  No.  002,  Study  No.  3;  viral  isolates 
and  known  infected  tissue  from  that  work  are  effectively  used  in  this 
study.  If  this  study  is  successful,  this  relatively  inexpensive  tech- 
nique will  preclude  future  need  for  expensive  culture,  isolation,  and 
identification  of  these  and  similar  viruses. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


We  chose  feline  herpesvirus  as  the  model  to  test  the  feasibility  of 
enzyme-labeled  antibody  for  immunohistochemical  diagnosis.  This  virus 
was  chosen  for  these  reasons:  (1)  cats  are  common  experimental  animals 
at  LAIR,  and  this  virus  causes  a wide-spread  and  significant 
disease  in  laboratory  cats;  (2)  the  virus  grows  readily  in  vitro  (the 
disease  and  the  virus  are  both  well-studied);  and  (3)  disease  caused  by 


a herpesvirus  is  an  appropriate  model  because  most  laboratory  species 
are  infected  by  at  least  one  virus  of  this  group. 

In  January  1977,  a technician  became  available  for  training  in  the 
enzyme-labeled  antibody  technique.  The  method  requires  specific  antiserum 
(which  we  prepare  in  rabbits),  specific  antigen  (e.g.,  feline  herpes- 
virus), and  a conjugate  composed  of  antibody  to  rabbit  gamma  globulin  and 
the  enzyme  peroxidase.  This  latter  antibody  can  be  prepared  in  any 
species  (e.g.,  sheep  or  goat)  and  is  also  available  commercially. 

Tissues  were  collected  from  cats  used  in  another  study.  All  had  been 
in  the  LAIR  colony  for  at  least  6 months.  During  this  time  pharyngeal 
swab  samples  were  collected  periodically  for  isolation  of  viruses  and 
stored  for  eventual  correlation  with  the  enzyme  techniques.  Tissue  from 
infected  and  non-infected  animals  was  collected  at  necropsy  and  stored 
for  subsequent  staining  with  enzyme-labeled  antiserum.  Cell  cultures  of 
feline  renal  cells  infected  with  feline  herpesvirus  were  prepared  as 
positive  controls  for  the  test  and  are  currently  being  used  to  standard- 
ize the  reagents. 

Rabbit  antisera  are  being  prepared  against  gamma  globulin  and 
adenovirus  of  owi  monkeys  and  against  FeSFV.  These  reagents  and  the 
standardized  technique  will  permit  diagnosis  and  evaluation  of  the  full 
implication  to  the  animal  of  infection  with  these  agents. 

CONCLUSIONS 

Development  of  a peroxidase-labeled  antibody  method  to  diagnose 
viral  diseases  in  laboratory  animals  appears  feasible. 

RKCOMMF.NDATIONS 

Standardization  of  prototype  systems  for  diagnosis  of  viral  diseases  of 
laboratory  animals  with  the  use  of  peroxidase-labeled  antibody  should  be 
completed.  Antisera  to  numerous  diseases  should  be  evaluated  for 
diagnostic  potential. 


PUBLICATIONS 


STUDY  NO. 


Role  of  CaBP  in  mineral  metabolism 


PROBLEM 


Many  aspects  of  the  role  of  vitamin-D  dependent,  calcium-binding 
protein  (CaBP)  can  be  inferred  from  its  location  within  or  on  cells 
of  laboratory  animals  under  various  defined  physiologic  conditions, 
study  was  designed  to  examine  these  aspects  and  contribute  to  an 
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vinder standing  of  mineral  metabolism  and  to  prevention  or  improved 
management  of  skeletal  injuries  in  military  personnel . 

Progress  was  markedly  hampered  by  delayed  replacement  of  technicians. 

In  the  prior  year,  work  was  performed  by  2 part-time  investigators  and 
2 full-time,  fully  trained  and  experienced  technicians.  Only  one 
part-time  investigator  remained  after  August  1976,  and  one  inexperienced 
and  untrained  technician  became  available  in  January  1977  . Most  of  his 
training  was  accomplished  while  he  performed  CaBP  localizations  in 
collaborative  investigation  on  a related  study  (Project  No.  91C,  Work 
Unit  No.  060,  Study  No.  9).  The  CaBP  localizations  performed  for 
the  collaborative  experiments  were  funded  by  this  work  unit  and 
resulted  in  Joint  publications. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  major  independent  achievement  was  development  of  a trained  technician 
who  is  now  competent  to  perform  chromatographic  separation  of  antibodies 
from  serum,  perform  the  range  of  tissue  processing  from  frozen  sectioning 
to  preparation  of  0.5  micrometer  plastic-embedded  sections,  and  perform 
several  variations  of  the  peroxidase-labeled  antibody  localization  of 
tissue  antigens.  One  study  unfinished  from  the  previous  year  required 
photography  of  CaBP  localized  in  rat  fetuses  and  established  that  the 
protein  becomes  demonstrable  for  the  first  time  at  the  19th  gestational 
day  (two  days  before  birth)  . The  sequence  of  intranuclear  CaBP  versus 
Intracvtoplasmic  CaBP  added  support  to  previous  results,  strengthening 
the  hypothesis  that  CaBP  affects  gene  expression  in  certain  cell 
populations . 

CONCLUSIONS 


Progress  was  hampered  by  lack  of  technical  help.  Sufficient  work  was 
accomplished  to  contribute  to  the  conclusions  expressed  for  Project 
No.  91C,  Work  Unit  No.  060,  Study  No . 9 . 

RECOMMENDATIONS 


The  technician's  experience  and  training  should  progress  to  enable  him 
to  perform  the  technique  on  specimens  suitable  for  electron  microscopic 
analysis.  Study  No.  2 will  be  terminated. 

PUBLICATIONS 


Note:  Asterisk  (*)  designates  the  author (s)  on  the  staff  of  the 
Department  of  Comparative  Medicine. 

1.  MORRISSEY,  R.L.,  R.M.  COHN,  R.N.  EMPS0N,  JR.*,  H.L.  GREEN,  O.D. 
TAUNTON,  and  Z .Z . ZIP0RIN,  Relative  toxicity  and  metabolic 
effects  of  cholecalciferol  and  25-dihyroxycholecalciferol . J Nutr 
107 : 1027-1034 , 1977 
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2.  MORRISSEY,  R.L.,  D.T.  ZOLOCK,  D.D.  BICKLE,  R.N.  EMPSON,  JR.*,  and 
T.J.  BUCCI*.  Intestinal  response  to  la ,25-dihydroxycholecalciferol : 

I.  RNA  polymerase,  alkaline  phosphatase,  calcium  and  phosphorus 
uptake  in  vitro  and  in  vivo  calcium  transport  and  accumulation. 
Biochim  Biophys  Acta  538:23-33,  1978 

3.  MORRISSEY,  R.L.,  R.N.  EMPSON,  JR.*,  D.T.  ZOLOCK,  D.D.  BIKLE,  and 
T.J.  BUCCI*.  Intestinal  response  to  la ,25-dihydroxycholecalciferol: 

II.  Cellular  localization  of  calcium  binding  protein.  Biochim 
Biophys  Acta  538:34-41,  1978 

4.  BIKLE,  D.D. , R.N.  EMPSON,  JR.*,  R .L . MORRISSEY,  D.T.  ZOLOCK,  R.H . 
HERMAN,  and  M.M.  PECHET . Sequential  changes  in  the  rachitic  chick 
following  la, OH  D3  treatment.  Endocrinology  98:258,  1976 

5.  EMPSON*,  R.N.  JR.,  T.J.  BUCCI*,  R .L . MORRISSEY,  and  J.S.  CHANDLER. 
Restriction  of  renal  lesions  induced  by  vitamin  D3  to  tubules 
containing  calcium  binding  protein.  Am  J Pathol  82:55-56,  1976 

6.  MORRISSEY,  R.L.,  D.T.  ZOLOCK,  T.J.  BUCCI*,  and  D.D.  BIKLE. 
Immunoperoxidase  localization  of  vitamin  D dependent  calcium 
binding  protein.  J Histochem  Cytochem  (in  press) 

7.  MORRISSEY,  R.L.,  D.T.  ZOLOCK,  D.D.  BIKLE,  and  P.W.  MELLICK* . 

Role  of  vitamin-D  dependent  calcium  binding  protein  in  intestinal 
calcium  absorption.  (Abstract)  Fed  Proc  36:1097,  1977 

8.  BIKLE,  D.D.,  R.N.  EMPSON,  JR.*,  R .L . MORRISSEY,  D.T.  ZOLOCK, 

T.J.  BUCCI*,  R.H.  HERMAN,  and  M.M.  PECHET.  The  action  of  la, hydroxy 
vitamin  D3  on  rachitic  chick  intestine:  Rate  of  response  of  RNA 
polymerase,  calcium  binding  protein,  and  alkaline  phosphatase, 
(submitted  for  publication) 

9.  BIKLE,  D.D.,  R.N.  EMPSON,  JR.*,  R.H.  HERMAN,  R .L . MORRISSEY,  and 
D.T.  ZOLOCK.  The  effect  of  1,25  dihydroxyvitamin  D3  on  the 
distribution  of  alkaline  phosphatase  activity  along  the  chick 
intestinal  villus.  Biochim  Biophys  Acta  449:61-66,  1977 

NON-NUMBERED  STUDIES 

In  addition  to  the  cell-level  studies  of  disease  mechanisms,  this 
work  unit  provided  support  in  pathology  and  electron  microscopy  for 
all  investigators  of  LAIR  and  Clinical  Investigation  Service  (CIS) , LAMC 
Specific  veterinary  pathologic  services,  i.e.,  animal  necropsy, 
microbiology,  histopathology , and  clinical  pathology;  and  special 
techniques,  i.e.,  histochemistry,  morphometry,  and  electron  microscopic 
autoradiography,  were  performed.  Based  on  careful  records  for  January 
through  September  1977,  approximately  $32,000  was  spent  from  this  work 
unit  for  pathologic  services  to  investigators  in  other  work  units.  The 
sum  includes  civilian  technicians'  pay  and  benefits,  expendable  supplies 


and  prorated  overhead  for  civilian  and  military  technicians.  Officer 
(investigator)  salaries  and  overhead  are  not  included  in  this  figure . 

Support  and  collaboration  by  veterinary  pathologists  were  provided  for 
the  LAIR  studies  listed  below.  Outcome  of  those  studies  is  reported 
elsewhere  in  this  annual  report.  Publications  resulting  from  collaborative 
efforts  are  listed  at  the  end  of  this  section. 

LAIR  STUDIES  PROVIDED  WITH  SUPPORT/COLLABORATION 
BY  VETERINARY  PATHOLOGISTS 


Project  No. 

Work  Unit 

Project  No. 

Work 

3A161101A91C 

042 

3M762772A811 

002 

043 

3M762772A812 

001 

045 

002 

051 

003 

060 

024 

3M161102BS02 

056 

3E762772A813 

025 

065 

3S762772A814 

001 

067 

004 

071 

008 

075 

011 

062 

012 

3M762772A810 

001 

014 

Support  and  collaboration  was  provided  by  veterinary  pathologists  to 
CIS,  LAMC,  for  several  studies,  the  majority  of  which  are  still  incomplete. 
The  services  include  animal  tissue  evaluations  in  studies  of  synthetic 
prostheses  for  large  veins,  treatment  of  experimental  spinal  cord  trauma, 
laser  hemostasis  in  urinary  bladder,  induced  pregnancy  toxemia,  and 
penetrating  renal  trauma. 

A collaborative  research  project  with  CIS,  LAMC,  was  to  have  been  an 
evaluation  of  anterior  gastropexy  for  treatment  of  hiatal  hernia.  The 
first  phase  was  to  establish  normal  gastrointestinal  motility;  then,  the 
next  phase  was  to  perform  the  gastropexy  and  measure  its  effect  on 
motility.  Six  M.  mulatta  monkeys  were  used  in  a part  of  the  project 
which  was  completed,  i.e.,  the  conditioning  of  the  animals  to  a restraint 
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board.  The  research  was  discontinued  because  the  LAMC  investigator 
departed  without  a replacement.  Coincidentally,  2 of  the  6 M.  mulatta 
monkeys  conditioned  for  the  gastropexy/hiatal  hernia  study  had  histories 
of  acute  gastric  dilatation  (bloat)  . To  capitalize  on  the  invested  effort 
and  the  training  achieved,  we  chose  to  use  the  animals  to  compare  transit 
time  in  bloaters  versus  non-bloaters. 

Acute  gastric  dilatation  (bloat)  is  a sporadic  and  serious  condition  in 
nonhuman  primates.  The  gastrointestinal  emptying  time  for  normal  versus 
bloater  monkeys  was  unknown.  If  there  are  differences  in  gastrointestinal 
transit  times  between  bloaters  and  non-bloaters,  emptying  time  could  be 
used  as  the  criterion  to  identify  potential  bloaters.  Non-bloater  monkeys 
could  be  selected  for  studies,  and  monkeys  that  are  potential  bloaters 
could  be  watched  more  carefully  so  that  early  treatment  could  be  instituted. 

Gastrointestinal  transit  time  for  liquid  and  semisolid  meals  was 
measured  with  radiographic  contrast  procedures  in  the  six  adolescent 
monkeys.  The  effect  of  anesthesia  on  transit  time  was  also  determined. 

The  liquid  meal  consisted  of  barium  sulfate,  28%  w/w  in  water  (20  ml/ 
kg)  and  the  semisolid  meal  was  made  by  adding  10  gm  of  mashed  banana 
per  ml  of  barium  suspension.  Meals  were  delivered  by  stomach  tube. 

Movement  of  contrast  medium  through  the  stomach  and  small  intestine  and 
its  entrance  into  the  cecum  were  recorded  at  15  minute  intervals.  The 
procedure  was  repeated  with  each  animal  three  times  at  weekly  intervals. 
Animals  were  awake  for  the  first  two  procedures  and  anesthetized  with 
ketamine  HC1  (intramuscular  injection,  10  mg/kg  initial;  5 mg/kg  main- 
tenance) before  administration  of  the  third  . The  monkeys  were  precon- 
ditioned for  restraint  on  an  immobilization  device. 

Barium  was  in  the  duodenum  within  15  minutes  in  all  normal  and 

bloater  monkeys  regardless  of  anesthesia  or  consistency  of  the  test  meal  . 

The  following  table  is  a tabulation  of  the  time  in  minutes  for  transit 
of  the  barium  marker. 

GASTROINTESTINAL  TRANSIT  TIME  OF  A BARIUM  MEAL  IN  RHESUS  MONKEYS 

Transit  Time  in  Minutes 


Meal 

Monkey 

Small  Intestine 

Enter  Cecum 

Liquid 

Unanesthetized 

Normal 

34 

45 

Bloaters 

33 

45 

Semisolid 

Normal 

71 

87 

Bloaters 

48 

48 

Semisolid 

Anesthetized 

Normal 

105 

133 

Bloaters 

50 

54 

71 


In  normal  monkeys,  semisolids  were  transported  more  slowly  than  liquids 
and  ketamine  anesthesia  delayed  intestinal  transit  of  semisolids.  In 
bloater  monkeys,  there  was  little  difference  in  transport  time  between 
liquids  and  semisolids  and  the  time  was  unaffected  by  ketamine  anesthesia 

A second  study  was  done  to  expand  these  observations  and  to  verify  the 
apparent  difference  in  intestinal  transport  time  between  bloater  and  non- 
bloater monkeys.  Nine  rhesus  monkeys,  2 to  5 years  of  age,  were  selected 
The  investigator  remained  uninformed  as  to  which  3 had  a history  of 
bloat.  Preparation  and  administration  of  the  semisolid  meal, 
induction  and  maintenance  of  anesthesia,  and  radiographic  procedures 
were  the  same  as  described  above.  One  trial  per  animal  was  performed. 

The  second  study  showed  that  bloater  monkeys  could  not  be  identified 
on  the  basis  of  their  intestinal  transport  time.  There  were  marked 
individual  differences  in  transit  times  within  both  groups.  It  was 
concluded  that  intestinal  transport  time  is  an  unreliable  indicator  of 
a history  of  acute  gastric  dilatation  in  rhesus  monkeys. 

ADDITIONAL  PUBLICATIONS  AUTHORED /CO-AUTHORED  BY  STAFF  OF  THE  DEPARTMENT 
OF  COMPARATIVE  MEDICINE 


Note:  Asterisk  (*)  designates  the  author(s)  on  the  staff  of  the 
Department  of  Comparative  Medicine. 

1.  BEATRICE,  E.S.,  D.  TALSMA,  and  S.  SCHUSCHEREBA* . Retina:  Electron 
microscopy  one  and  three  years  after  laser  exposure.  (Abstract) 
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Proceedings  of  International  Symposium  (Santa  Barbara,  CA, 
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Academic  Press  (in  press) 
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by  L.S.  Underwood.  Arlington,  VA:  Am  Inst  of  Biol  Sci,  1977.  p 5 
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23.  (U)  Upper  respiratory  infection  is  the  most  common  illness, that  affects  military 
personnel . Soldiers  are  frequently  exposed  occupationally  to  airborne  chemical  agents 
that  damage  respiratory  tissues.  Knowledge  of  basic  mechanisms  by  which  respiratory 
epithelium  Is  repaired  following  injury  is  inadequate  and  is  required  so  that  clinical 
management  of  personnel  with  acute  respiratory  injury  can  be  improved.  An  animal  model 
to  study  basic  repair  mechanisms  in  the  respiratory  tract  will  be  developed. 

24.  (U)  The  initial  experiment  in  this  work  will  be  done  in  rats.  Animals  will  be 
exposed  to  sublethal  concentrations  of  a corrosive  gas  to  produce  respiratory  injury. 

The  duration  of  cell  cycle  phases  in  exposed  and  control  animals  will  be  determined  at 
three  levels  of  the  respiratory  tract  by  autoradiographic  techniques.  Epithelial  pro- 
liferation and  differentiation  will  be  studied  by  light  microscopy,  scanning  and  trans- 
mission electron  microscopy,  and  electron  microscopic  autoradiography.  Semiquantita- 
tive  techniques  to  assess  the  regenerative  capacity  of  respiratory  epithelium  will  be 
developed  and  standardized.  Smokes  and  gases  noxious  to  troops  can  then  be  compared. 

25.  (U)  7610-7709  Thirty-two  rats  were  exposed  to  sublethal  concentrations  of  ozone 
to  produce  injury  to  respiratory  epithelium.  A control  group  of  32  rats  were  exposed 
to  filtered  air.  Rats  were  Injected  with  tritiated  thymidine  immediately  following 
exposure  and  killed  at  intervals  to  determine  cell  turnover  time  and  length  of  component 
phases  of  the  cell  cycle  in  control  and  injured  rats.  Trachea  and  lung  tissues  from  all 
animals  were  preserved  for  histologic  and  ultrastructural  evaluation.  Tissues  from  44 
rats  have  been  processed  for  light  microscopic  autoradiography.  Tissues  from  10  animals 
killed  at  different  times  following  exposure  have  been  examined  by  transmission  and 
scanning  electron  microscopy  to  evaluate  the  degree,  of  damage  and  to  document  repair 
processes.  A capability  to  do  electron  microscopic  autoradiography  has  been  developed 

6 animals  have  been  studied  by  this  process. 


20  PERFORMING  ORGANIZATION 


«*“*•  Letterman  Army  Institute  of  Research 
Pathology  & Comparative  Studies  Div 
loonfu,  Department  of  Comparative  Medicine 

Presidio  of  San  Francisco,  CA  94129 

PRINCIPAL  INVESTIGATOR  (FunUMt  UAH  II  V S.  4u4M.lt  IntllluHmm) 

Mellick,  P.W.,  MAJ , VC 
(415)  561-3855 

SOCIAL  SCCVJ WYY  ACCOUNT  MUMMER 
ASSOCIATE  INVESTIGATORS 


POC:  DA 


*OER  14QO  PRtVlOU*  EDITIONS  Of  THIS  FORM  ARE  OBSOLETE-  DD  FORMS  140SA  1 NOV  66 

AND  1 ASS*  1 1 MAR  6t  IfOR  ARMY  USE)  ARE  OBSOLETE 


J 

\ 


ABSTRACT 


PROJECT  NO.  3M161102BS02  Basic  Mechanisms  of  Recovery  from 

Injury 

WORK  UNIT  NO.  062  Response  of  the  Respiratory  System 

to  Injury 

The  following  investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Epithelial  regeneration  in  the  upper  respiratory  tract 
following  acute  oxidant  injury 

A group  of  32  weanling  rats  were  exposed  to  a sublethal  concentration 
(0.8  ppm)  of  ozone  for  8 h.  Following  exposure  these  animals  and  a group 
of  32  control  rats  were  given  300  pCi  3H  thymidine  by  intraperitoneal 
injection.  Two  exposed  and  two  control  rats  were  killed  at  intervals  of 
1/2,  1,  2,  3,  4,  5,  6,  7,  8,  10,  12,  and  14  h.  One  rat  of  each  group 
was  killed  24,  48,  72,  96,  120,  144,  and  168  h after  injection  of  the 
isotope.  Lungs  and  tracheas  of  all  animals  were  preserved  for  examination 
by  light  microscopy  (LM) , transmission  electron  microscopy  (TF.M) , scanning 
electron  microscopy  (SF.M) , and  LM  and  TEM  autoradiography.  Tissues 
from  the  48  animals  killed  during  the  first  14  h have  been  examined  by 
LM  and  prepared  for  LM  autoradiography.  Analysis  of  LM  autoradiography 
preparation  from  these  animals  to  determine  the  duration  of  component 
phases  of  the  cell  cycle  is  in  progress.  Examination  of  tissues  from  10 
animals  by  TEM  and  SEM  indicates  that  the  degree  of  damage  produced  in 
terminal  bronchioles  should  be  sufficient  to  stimulate  repair  processes. 

A capability  to  do  autoradiography  at  the  ultrastructural  level  has  been 
developed  and  is  being  evaluated.  This  technique  will  be  used  to  study 
cell  differentiation  and  migration  in  airway  epithelium  of  ozone-exposed 
and  control  rats. 
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WORK  UNIT  NO.  062  Response  of  the  Respiratory  System 

to  Injury 

STUDY  NO.  1 Epithelial  regeneration  in  the  upper 

respiratory  tract  following  acute 
oxidant  injury 

PROBLEM 

Upper  respiratory  infection  is  the  most  common  illness  that  affects 
military  personnel  both  in  training  and  in  combat  situations.  Soldiers 
are  frequently  exposed  occupationally  to  airborne  chemical  agents  that 
damage  respiratory  tissues.  Of  the  91  chemical  compounds  that  are 
components,  by-products,  or  residues  of  pyrotechnic  devices  in  use  or 
under  development  by  DOD  agencies,  25  have  been  shown  to  be  moderately 
or  severely  toxic  to  humans  or  animals  when  they  inhale  the  fumes. 
Explosive  and  incendiary  munitions  have  similar  chemical  composition  and, 
therefore,  constitute  an  additional  toxic  hazard  especially  to  troops 
exposed  in  confined  spaces  such  as  bunkers,  entrenchments,  and  armored 
vehicles.  Epidemiological  evidence  and  clinical  experience  indicate  that 
chemically  induced  injury  to  respiratory  tissues  can  predispose  a person 
to  upper  respiratory  infection  and  other  non-infec tious  but  equally 
debilitating  pulmonary  disease. 

Knowledge  of  basic  mechanisms  by  which  upper  respiratory  epithelium 
heals  is  inadequate  and  is  required  so  that  treatment  and  clinical 
management  of  patients  with  upper  respiratory  injury  can  be  improved. 

This  study  was  initiated  to  develop  a laboratory  animal  model  for  study 
of  basic  repair  mechanisms  in  the  respiratory  tract. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Upper  respiratory  epithelial  injury  was  produced  in  rats  bv  subjecting 
them  to  non-lethal  concentration  (0.8  ppm)  of  a highly  corrosive  gas 
(ozone)  for  8 h.  Exposed  and  control  rats  were  given  500  pCi  3H  thymidine 
by  int raper i toneal  injection  immediately  following  ozone  exposure. 

Rats  were  killed  at  intervals  following  injection  of  the  isotope. 

Trachea  and  lungs  from  each  animal  were  fixed  by  airwav  perfusion  with 
Karnovskv's  fixative  for  subsequent  examination  bv  light  microscopy 
(LM) , transmission  electron  microscopy  (TEM) , scanning  electron  microscopy 
(SEM) , and  LM  and  TEM  autoradiography. 

No  lesions  were  detected  in  tissues  of  control  animals.  Examination  of 
tissues  from  selected  exposed  rats  bv  LM  and  SEM  indicated  that  the 
degree  of  epithelial  injury  produced  by  ozone  exposure  should  be 
sufficient  to  stimulate  epithelial  regeneration  in  terminal  bronchioles 
and  alveolar  ducts.  Further  evaluation  of  tracheas  is  necessary  to 
determine  whether  or  not  sufficient  damage  was  produced.  The  rat  lacks 
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respiratory  bronchioles  which  are  well-developed  in  human  lungs;  and  so 
evaluation  of  this  segment  of  conducting  airway  is  not  possible  in  rats. 

Cross  sections  of  mid-cervical  trachea  and  longitudinally  bisected 
sections  of  terminal  bronchioles  from  the  48  rats  killed  during  the  first 
14  h post  injection  have  been  embedded  in  Epon-Araldite  , sectioned 
at  a thickness  of  1 ym  and  coated  with  photographic  emulsion  for  LM 
autoradiography.  LM  autoradiographic  preparation  of  104  of  these  152 
tissue  specimens  is  complete  and  the  remaining  48  specimens  are  in 
progress.  Preliminary  examination  indicates  that  the  LM  autoradiographic 
preparations  are  of  sufficient  quality  to  permit  cell  cycle  analysis. 
Evaluation  of  these  152  specimens  will  permit  a comparison  of  cell 
cycle  times  and  duration  of  component  phases  in  control  and  exposed  rats  . 

Tissues  from  7 control  and  7 ozone-exposed  animals  (one  of  each  group 
killed  at  24  h intervals  through  7 days  post  exposure)  will  be  processed 
for  LM  and  TEM  autoradiography.  Study  of  these  tissues  will  document 
cell  migration  and  differentiation  and  should  reveal  the  identity  of 
precursor  cells  in  trachea  and  terminal  bronchioles.  Preliminary  results 
of  TEM  autoradiography  of  this  material  were  unsatisfactory  because  of 
defective  emulsion,  inadequate  exposure  time,  improper  coating  technique, 
and  lack  of  precision  in  sampling.  These  problems  have  been  overcome, 
and  recent  preparations  are  satisfactory.  Initial  progress  in  this 
study  was  hampered  by  lack  of  sufficient  technical  personnel  and  our 
commitments  to  support  other  studies.  The  acquisition  of  two  skilled 
technicians  during  this  year  has  alleviated  this  problem  to  some  degree, 
and  current  progress  is  satisfactory. 

CONCLUSIONS 


Exposure  of  rats  to  0.8  ppm  ozone  for  8 h produces  sufficient  damage 
to  the  upper  respiratory  epithelium  to  stimulate  epithelial  regeneration. 
This  model  has  g^eat  value  in  that  it  is  relatively  inexpensive  and  should 
provide  insight  into  the  basic  mechanisms  of  airway  epithelial  repair. 

The  value  of  the  rat  as  an  animal  model  of  human  pulmonary  disease 
is  limited  because  this  species  lacks  well  developed  respiratory 
bronchioles  which  are  the  prime  targets  for  inhaled  noxious  chemical 
agents  in  man. 

RECOMMENDATIONS 


This  study  should  be  continued  to  completion.  Other  studies  should  be 
instituted  to  identify  a species  of  animal  that  has  distal  airway 
morphology  more  closely  resembling  that  of  man.  Then  with  a more  appro- 
priate animal  model,  definitive  studies  of  the  response  of  the  respiratory 
system  to  injury  should  be  pursued. 
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21.  CD)  The  severe  stress  encountered  in  warfare  may  influence  the  soldier's  ability  to 
perform  combat  essential  activities  with  maximum  efficiency.  The  objectives  of  this 
research  are  to  study,  l)  weapons  effects  on  MOS  related  skills,  2)  weapons  systems 
environments  and  combat  effectiveness,  and  3)  biomedical  factors  limiting  soldier 
effectiveness.  Research  is  conducted  under  field  conditions  and  in  the  laboratory. 

24.  fl")  Animals  or  human  subjects  are  subjected  to  conditions  which  produce  stress  ot 
varying  intensity  and  durations.  The  effects  of  stressors  are  confirmed  biochemically 
and  through  observation  of  physiological  and  psychological  indices.  Experimental  stress 
is  then  related  to  the  ability  of  subjects  to  perform  various  tasks.  F'or  human  subjects 
target  acquisition  and  tracking,  communications,  endurance,  and  vigilance  tasks  are 
employed.  Operant  techniques  are  used  with  animal  subjects. 

25.  (10  In  a recent  study  of  helicopter  pilots  participating  in  night  nap-ot- the-eart h 
training  exercises,  psychological,  physiological  and  biochemical  variables  were  evalu- 
ated. Personal itv  factors  were  shown  to  he  related  to  helicopter  performance  and  to 
catechol  amine  excretion.  A second  field  study  was  concerned  with  the  measurement  of 
blast  effects  on  fortified  positions.  These  data  will  be  used  to  devise  future  investi- 
gations of  the  disruptive  effects  ot  weapons  fire  on  performance  efficiency.  In  a study 
of  prolonged  physical  exercise  on  a bicycle  ergometer  certain  personality  character- 
istics were  found  to  he  related  to  the  time  to  exhaustion.  Physiological  changes  were 
related  to  subjective  symptomatology  subseales.  Laboratory  investigations  of  primate 
bloat  suggest  that  HI  tract  emptying  times  may  he  useful  in  identifying,  monkeys 
susceptible  to  bloat.  A study  ot  cool-white  and  sunlight  simulating  artificial  illumi- 
nation revealed  biological  effects  such  as  changes  in  weight  and  activity. 
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ABSTRACT 


PROJECT  NO. 


3M161102BS02  Basic  Mechanisms  of  Recovery 
from  Injury 


WORK  UNIT  NO.  065 


Military  Stress  and  Combat 
Effectiveness 


The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Honest  I - Combat  Development  Experimentation  Command, 
Fort  Ord 


STUDY  NO.  2 
STUDY  NO.  3 
STUDY  NO.  A 
STUDY  NO.  5 


Blast  effects  - Electronics  Command,  Fort  Knox 
Assessment  of  physical  performance 
Environmental  lighting 
Primate  acute  gastric  dilatation 


STUDY  NO.  1.  Personality  characteristics,  subjective  fatigue,  catecho- 
lamine excretion,  and  heart  rate  data  were  obtained  from  helicopter 
pilots  engaged  in  night,  nap-of -the-earth  training  exercises.  Psycho- 
logical test  scores  were  related  to  pilot  ability  and  to  catecholamine 
excretion.  Heart  rate  changes  were  related  to  urine  epinephrine  levels. 
Biochemical  changes  were  not  related  to  perceived  anxiety  as  measured 
by  psychological  tests. 


STUDY  NO.  2.  An  instrumented  manikin  was  placed  in  a timber-reinforced, 
sand  bag  bunker.  The  physical  effects  of  tank-fired,  105  mm  projectiles 
which  impacted  at  various  distances  from  the  bunker  were  then  measured. 
Preliminary  data  suggest  that  occupants  of  reinforced  bunkers  would  be 
protected  against  the  most  damaging  physical  effects  of  blast.  Future 
studies  will,  therefore,  be  concerned  with  identifying  weapons  effects 
which  disrupt  performance  in  the  absence  of  obvious  injury  to  the  subject. 


STUDY  NO.  3.  Subjective  reports  of  fatigue  were  found  to  be  related 
to  changes  in  heart  rate  and  O2  measures.  A combination  of  the  physi- 
cal activities  questionnaire  scores,  general  fatigue  scores,  and  three 
physiological  indices  of  activity  was  used  to  predict  total  exercise 
duration. 


STUDY  NO.  A.  Hooded  rats  have  been  maintained  under  either  normal  cool 
fluorescent  or  simulated  sunlight  illumination.  Preliminary  data  so 
far  collected  suggest  that  lighting  quality  affects  both  activity  and 
body  weight  gain. 


BODY  OF  REPORT 


WORK  UNIT  NO. 

065 

Military  Stress  and  Combat 
Effectiveness 

STUDY  NO. 

1 

Honest  I - Combat  Development 
Experimentation  Command 

PROBLEM 

Nap-of-the-earth  (NOE)  flying  by  rotary  wing  aircraft  has  been  proposed 
to  be  an  effective  means  of  avoiding  early  detection  by  radar.  While 
daylight  NOE  flying  places  a greater  demand  on  the  skills  of  the  pilot 
than  flight  at  higher  altitudes,  these  added  performance  requirements 
are  further  intensified  at  night.  Training  techniques  to  assist  in 
preparing  pilots  to  fly  NOE  at  night  have  not  yet  been  standardized. 
Information  regarding  factors  which  can  affect  learning  to  fly  NOE  would 
be  helpful  to  persons  attempting  to  develop  such  a training  program. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


"Normal"  personality  factors  contained  in  the  California  Psychological 
Inventory  (CPI),  subjective  fatigue  measured  by  the  General  States 
Questionnaire,  urinary  epinephrine  and  norepinephrine  (bound  and  unbound), 
and  heart  rates  of  eight  subject-pilots  were  obtained.  Measurements 
were  made  during  three  flights  which  required  the  subjects  to  ride, 
navigate,  or  pilot  during  full  moon,  half  moon,  and  no  moon  levels, 
respect ively . Self  Acceptance  and  Achievement  via  Independence  scales 
of  the  CPI  were  significantly  above  the  population  mean  for  the  pilots 
rated  as  above  average  in  flight  ability  by  their  instructor  pilots. 

CPI  scales  of  Self  Control  and  Good  Impression  were  significantly  related 
to  urinary  epinephrine,  but  not  norepinephrine.  Significant  increases 
in  epinephrine  excretion  were  found  during  flights  and  norepinephrine 
between  flights.  No  significant  increases  in  perceived  anxiety  as 
measured  by  the  State-Trait  Anxiety  Scale  were  noted. 

CONCLUSIONS 


Psychological  tests  that  measure  "normal"  personality  factors  may 
provide  useful  information  concerning  individual  variation  in  performance 
while  flying  NOE  at  night.  Subjective  reports  of  stress  may  not  necess- 
arily be  related  to  biochemical  indicies  of  stress.  This  result  is 
related  to  the  general  adaptation  syndrome. 

RECOMMENDATIONS 

The  study  should  be  expanded  to  a larger  group  of  pilots  to  affirm  these 
f indings. 
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Night  Nap-of-the  Earth  Flying.  Report  No.  51.  San  Francisco,  California: 
Letterman  Army  Institute  of  Research,  April  1978 

STUDY  NO.  2 Blast  Effects  - Electronics  Command,  Fort  Knox 

PROBLEM 

Under  combat  conditions,  the  performance  of  mission  essential  tasks  will 
be  influenced  by  exposure  to  incoming  weapons  fire.  In  the  absence  of 
physically  incapacitating  injuries,  disruptions  of  performance  will  be 
primarily  behavioral  in  nature.  Such  effects  may  be  attributed  to  in- 
voluntary responses  to  the  physical  phenomena  associated  with  the 
weapon,  or  may  represent  more  complex  psychological  adjustments  to  the 
stresses  of  the  combat  environment.  Laboratory  and  field  investigation 
of  the  behavioral  effects  of  exposure  to  weapons  fire  may  permit  the 
development  of  effective  countermeasures  which  troops  could  employ  in 
order  to  maintain  combat  effectiveness  under  adverse  conditions.  Con- 
versely, weapons  effects  which  produce  maximum  disruption  of  mission 
related  performance  could  also  be  identified. 

A field  study  planned  by  the  US  Army  Electronics  Command  (ECOM)  provided 
an  opportunity  to  measure  the  physical  characteristics  of  blast  and 
projectile  impacts  occurring  in  the  vicinity  of  a target  bunker.  Mea- 
surements were  taken  inside  the  bunker  to  assess  blast  effects  upon  a 
simulated  human  subject  engaged  in  a target  acquisition  and  tracking 
task. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


A timber-reinforced  sand  bag  bunker  was  instrumented  with  sound  and 
vibration  sensors.  A heavy  duty  tripod  was  equipped  with  a high  speed 
camera  and  positioned  in  the  bunker.  The  camera  was  focused  on  a series 
of  targets  located  250  m in  front  of  the  bunker  and  immediately  adja- 
cent to  an  M60  tank  which  would  later  fire  on  the  bunker.  A manikin 
was  also  installed  in  the  bunker  in  the  approximate  position  of  a person 
using  the  camera  equipment.  The  floor  of  the  bunker,  the  tripod,  camera 
base,  and  the  head  and  right  wrist  of  the  manikin  were  equipped  with 
accelerometers.  The  head  of  the  manikin  was  equipped  with  a calibrated 
photodetector  designed  to  have  response  characteristics  similar  to  the 
human  eye.  An  impulse  noise  measuring  device  was  also  installed  in 
the  bunker.  Temperature  sensors  were  attached  to  the  dummy  and  at  other 
locations  within  the  bunker.  Finally,  blocks  of  ballistic  putty  and 
lengths  of  paper  were  placed  in  the  bunker  window  to  record  impacts 
from  shrapnel  or  other  debris. 

Data  were  collected  during  firing  of  34  rounds  of  high  explosive,  high 
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explosive  anti-tank,  and  kinetic  energy  105  mm  projectiles.  The 
distances  from  impact  point  to  the  bunker  ranged  from  approximately 
30  m to  direct  hits  on  the  bunker.  In  general,  structural  damage  to  the 
bunker  was  minimal.  Consequently,  the  instruments  and  manikin  housed 
inside  the  bunker  were  not  subjected  to  direct  blast  effects.  Prelim- 
inary data  reduction  suggested  that  peak  impulse  noise  levels  probably 
did  not  exceed  175  db.  Maximum  accelerations  imparted  to  the  manikin 
were  in  the  10  to  20  G range.  Considerable  amounts  of  sand  and  dust 
were  blown  into  the  bunker  following  some  of  the  blasts.  Dust  obscura- 
tion of  the  targets  was  also  evident  in  films  taken  from  within  the 
bunker.  Although  occasional  impacts  of  shrapnel  and  other  debris  were 
registered  in  the  window  area,  there  was  no  evidence  that  these  materi- 
als reached  the  inside  of  the  bunker.  None  of  the  rounds  produced  changes 
in  the  temperature  sensors  located  inside  or  outside  the  bunker.  Photo- 
detector data  have  not  been  analyzed. 

CONCLUSIONS 


Further  data  analysis  will  be  required  to  define  precisely  the  ranges 
of  physical  phenomena  encountered  during  this  study  of  blast  effects. 

The  resulting  data  will  permit  formulation  of  new  laboratory  and  field 
studies  to  describe  the  effects  of  weapons  fire  on  the  performance  of 
mission  essential  tasks.  Preliminary  data  suggest  that  the  timber 
reinforced  sand  bag  bunkers  afforded  considerable  protection  against 
105  mm  tank  fired  projectiles.  Although  potentially  hazardous  sound 
levels  were  encountered,  the  results  also  suggest  that  physical  in- 
juries to  occupants  of  reinforced  bunkers  would  be  minimal  under  the 
conditions  of  this  experiment.  However,  appreciable  disruptions  of 
task  performance  might  accompany  the  physiological  and  behavioral  re- 
sponses of  individuals  exposed  to  otherwise  non-lethal  weapons  effects. 

RECOMMENDATIONS 

Further  research  is  needed  to  measure  deterioration  of  combat  effective- 
ness attributable  to  weapons  effects  other  than  physical  incapaci- 
tation . 

PUBLICATIONS 

None 

STUDY  NO.  3 Assessment  of  physical  performance 

PROBLEM 

To  complete  a prolonged  physical  activity  task,  a soldier  must  neces- 
sarily rely  on  feedback  mechanisms  which  enable  him  to  adjust  the 
amount  of  work  he  is  performing  relative  to  the  period  of  time  over 
which  it  must  be  performed.  The  feedback  process  includes  physiological 
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changes,  subjective  symptomatology,  and  personality  factors.  Physio- 
logical changes  associated  with  prolonged  physical  work  include  both 
general  and  specific  effects.  The  general  effects  can  be  observed  in 
a wide  variety  of  work  situations  while  specific  effects  occur  in  re- 
sponse to  the  unique  demands  of  each  task.  The  subjective  symptomatology 
associated  with  each  task  seems  to  reflect  the  physiological  changes 
that  accompany  physical  work.  Subjective  symptoms,  therefore,  are  prob- 
abLy  influenced  by  both  general  and  specific  factors.  Various  person- 
ality models  have  been  proposed  to  account  for  performance  differences 
in  a variety  of  situations.  Several  models,  based  on  an  inhibition- 
satiation  phenomenon,  have  shown  some  success  in  predicting  individual 
performance  differences.  The  inhibition-satiation  phenomenon  is  a 
process  that  serves  to  modify  the  perception  of  somatosensory  informa- 
tion. Modification  of  the  perception  of  stimuli  must  be  evaluated. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Subjective  estimates  of  fatigue,  physiological,  and  personality  data 
were  collected  from  fourteen  male  college  students  during  two  rides 
on  a bicycle  ergometer  performed  at  65%  and  85%  of  VC>2  Max  level. 
Subjective  estimates  of  leg  fatigue  and  general  fatigue  as  measured  by 
the  Physical  Activity  Questionnaire  (PAQ)  increased  significantly  from 
three  minutes  to  the  end-of-ride.  Significant  relationships  were  also 
found  between  these  subscales  and  electromyographic  recordings  and 
cardiopulmonary  variables.  The  same  three  minute  to  end-of-r  de  compari- 
son made  for  the  Cardiopulmonary  subscales  indicated  that  the  subjects 
were  not  uniformly  affected  by  the  work.  For  this  subscale,  the  scores 
for  the  short  duration  riders  ( <1 6 minutes)  and  long  duration  riders 
(>32  minutes)  increased  significantly,  but  scores  for  intermediate 
duration  riders  (16  to  32  minutes)  did  not.  Heart  rate  data  showed 
the  same  pattern  of  change  across  the  groups.  The  Motivation  subscale 
showed  essentially  no  change  throughout  the  ride.  This  finding  would 
appear  to  be  related  to  the  pre-ride  instructions  to  the  subjects  which 
were  intentionally  not  highly  motivating. 

Results  of  a series  of  multiple  regression  analyses  of  the  physiological 
data  obtained  from  the  12-minute  data  collection  period  indicated  that 
(1)  12-minute  score  based  on  the  percent  of  3-minute  score  was  a better 
predictor  of  ride  duration  (R  = 0.94)  than  the  absolute  value  at  12 
minutes  (R  = 0.55);  (2)  General  Fatigue  and  Cardiopulmonary  subscales 
in  combination  was  a good  predictor  (R  = 0.80)  of  ride  duration  while 
Leg  Fatigue  and  Motivation  levels  provided  little  additional  predictive 
power;  and  (3)  a combined  analysis(PAQ  subscale,  and  General  Fatigue 
with  three  physiological  variables)  could  be  used  to  predict  total  ride 
duration  at  an  extremely  high  confidence  level  (R  = 0.99,  P<0.001) . 
Apparently,  some  additional  variability  related  to  feelings  of  general 
fatigue  experienced  while  performing  this  work  task  has  yet  to  be 
specif ied. 
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Only  one  subscale  from  the  three  personality  tests,  i.e.,  the  Dis- 
inhibition  subscale  of  the  Sensation  Seeking  Scale  (SSS-DIS) , was 
related  to  total  ride  time.  However,  contrary  to  a proposed  model 
based  or  the  inhibition-satiation  phenomenon,  the  relationship  was 
negative.  Specifically,  individuals  that  performed  best  on  this  physi- 
cal endurance  task  were  those  who  tended  to  show  the  lowest  scores 
(the  more  inhibited  persons).  This  suggests  inadequacies  in  the  pro- 
posed model.  Perhaps  specific  psychosocial,  work  intensity,  and 
stimulus  intensity  factors  must  also  be  considered. 

CONCLUSIONS 


With  the  data  available,  it  does  appear  that  subjective  reports  of 
fatigue  are  related  to  certain  physiological  changes  such  as  change  in 
heart  rate,  ventilation,  etc.  Also,  subjective  reports  of  general 
fatigue  in  combination  with  certain  physiological  variables  can  be 
highly  predictive  of  total  ride  duration.  Lastly,  personality  factors 
that  are  based  on  the  inhibition-satiation  phenomenon  are  related  to 
performance  differences  among  individuals;  however,  the  relationship 
is  negative. 

RECOMMENDATIONS 


The  findings  of  this  study  should  be  reevaluated  with  a larger  group  of 

subjects  to  test  the  generality  of  the  findings. 

PUBLICATIONS 

1.  WEISER,  P.C.  and  D.A.  STAMPER.  Psychophysiological  interactions 
leading  to  increased  effort,  by  fatigue,  and  respiratory  distress 
during  prolonged  strenuous  bicycle  riding.  In:  Physical  Work  and 
Effort,  Volume  38,  edited  by  G.  Borg.  New  York:  Pergamon  Press, 
1976. 

2.  STAMPER,  D.A.  .Physiological , Psychological,  and  Symptomatic  Factors 
Affecting  Prolonged  Physical  Performance.  (Submitted  for  review  and 
clearance  as  LAIR  laboratory  report) . 

STUDY  NO.  4 Environmental  lighting 

PROBLEM 


Various  stressors  encountered  in  warfare  may  alter  susceptibility  to 
and  recovery  from  disease.  Such  illness  and  disease  may  significantly 
reduce  the  performance  of  MOS  related  skills.  Reports  suggest  that 
the  quality  of  artificial  lighting  may  influence  the  susceptibility  of 
the  individual  to  infectious  diseases.  The  purpose  of  the  present 
investigation  is  to  explore  some  readily  identifiable  behavioral  or 
biological  effects  of  light  in  order  to  establish  that  such  effects  do 
exist  or  do  not  exist. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 


Twelve  hooded  rats  were  divided  into  two  groups.  One  group  was  main- 
tained under  normal  cool-white  fluorescent  lighting  (cool  white),  the 
other  group  was  maintained  under  Vita  Lite  fluorescents  which  more 
closely  approximate  the  spectrum  of  sunlight.  Half  of  each  group  was 
further  subdivided  into  a normal  and  a stress  group.  Stress  was  pro- 
vided by  random  burst  of  white  noise.  A replication  is  planned. 

Preliminary  results  suggest  that  activity  levels  and  growth  (weight 
gain)  are  influenced  by  the  spectral  content  of  the  ambient  illumination. 

CONCLUSIONS 


None 

RECOMMEN DAT IONS 

Completion  of  this  study  is  recommended.  In  addition,  it  is  suggested 
the  relationship  between  light  and  susceptibility  to  disease  be  directly 
explored . 

PUBLICATIONS 

None 

STUDY  NO.  5 Primate  acute  gastric  dilatation 

PROBLEM 


Spontaneous  acute  gastric  dilatation  (bloat)  in  the  primate  is  a serious 
problem  in  the  research  laboratory  because  it  usually  leads  to  death. 
Primate  bloat,  therefore,  disrupts  experiments,  requires  intensive 
veterinary  support,  and  consumes  a valuable  animal  resource.  What 
little  is  known  about  the  cause  of  the  syndrome  suggests  that  a combin- 
ation of  stressful  conditions  and/or  feeding  procedures  may  play  a major 
etiologic  role.  Individual  organismic  factors  have  also  been  implicated. 
A major  purpose  of  the  study  is  to  determine  the  behavioral,  psychophysi- 
ological  and  stress  factors  which  may  play  a role  in  primate  bloat.  The 
results  of  this  approach  will  contribute  to  the  conservation  of  valuable 
primate  resources  within  the  military  laboratory. 

Progress  in  studying  the  bloat  syndrome  has  been  hampered  by  the  lack 
of  a reliable  experimental  paradigm.  Accordingly,  the  second  major 
objective  is  to  establish  a non-surgical  technique  for  reprodueibly 
producing  bloat  in  rhesus  monkeys. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 


Four  experimental  manipulations  were  used  to  study  stress  responses  in 
rhesus  monkeys:  altered  feeding  schedule,  altered  lighting  schedule, 
handling  by  an  unfamiliar  caretaker,  and  altered  social  interactions 
through  rearranged  caging.  Collection  of  behavioral  and  biochemical 
data  was  completed,  but  no  incidents  of  acute  gastric  dilatation  oc- 
curred during  the  period  of  study.  According  to  preliminary  analysis, 
measures  of  behavioral  reactivity  and  changes  in  urinary  17  OH-ketoste- 
roids  failed  to  differentiate  between  monkeys  that  have  previously  bloated 
and  those  who  have  not.  Although  not  statistically  significant,  the 
data  suggest  that  gastric  emptying  of  the  two  groups  may  change  differ- 
entially during  stress.  An  analysis  of  urinary  free  cortisol  excretion 
is  in  progress. 

CONCLUSIONS 


Although  the  stress  manipulations  did  not  induce  bloat,  this  is  not  con- 
clusive regarding  the  involvement  of  stress  in  the  etiology  of  bloat. 
With  the  exception  of  gastric  emptying  times,  the  behavioral  and  bio- 
chemical measures  which  have  been  analyzed  do  not  appear  to  correlate 
with  previous  history  of  bloat. 

RECOMMENDATIONS 


Stress  induced  changes  in  gastric  emptying  times  should  be  studied 
further  to  determine  whether  or  not  they  correlate  with  susceptibility 
to  bloat  and  could  be  used  as  predictors. 

PUBLICATIONS 


None 

OTHER  PUBLICATIONS  PREPARED  BY  GROUP 

LEI BRECHT,  B.C.,  A.J.  LLOYD,  and  P.A.  0 'MARA.  Field  Study  of  Stress: 
Psychophysiological  Measures  During  Project  SUPEX.  LAIR  report 
(submitted  for  clearance)  . 
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WORK  UNIT  NO.  066  Physical*  Chemical  Characteristics  of 

Human  Stratum  Comeum 

The  following  Investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Hydration  kinetics  of  the  human  stratum  comeum 

STUDY  NO.  2 Percutaneous  absorption  and  evaporation  of  topical 
agents  applied  to  the  skin 

STUDY  NO.  3 Evaporation  of  insect  repellents  in  vivo  and  In  vitro 

STUDY  NO.  1 An  apparatus  consisting  of  a quartz  beam  thermogravi- 
metric  device  coupled  to  a thermoevolution  analyzer  recorder  is  being 
ueveloped  to  obtain  measurements  of  stratum  comeum  nydration  as 
influenced  by  varying  temperature  relative*  humidity,  and  air  speed. 

STUDY  NO.  i The  percutaneous  absorption  and  evaporation  of  2 re- 
pellents, a sunscreen  and  an  essential  fatty  acid  were  determined. 

STUDY  NO.  J The  minimum  effective  concentration  of  the  repellent  deet 
was  determined  both  in  vitro  and  in  vivo  with  a variety  of  techniques. 
These  various  determinations  were  in  agreement  with  each  other  and  the 
value  of  3.5  pg/cm^/h  was  found  as  the  minimum  effective  evaporation 
rate  for  deet. 
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WORK  UNIT  NO.  066  Physical,  Chemical  Characteristics  of 

Human  Stratum  Corneum 

STUDY  NO.  1 Hydration  kinetics  of  the  human 

stratum  corneum 

PROBLEM 

During  the  Vietnam  campaign,  U.S.  Army  personnel  sustained  260,000 
man-days  lost  due  to  skin  diseases  from  1967  through  1971.  Prolonged 
exposure  to  water  and  Increased  temperature  of  the  tropical  environment 
played  a major  role  in  this  manpower  loss.  Excessive  hydration  of 
the  stratum  corneum  or  dehydration  breaks  down  the  normal  barrier 
foundation  of  the  stratum  corneum.  Development  of  an  in  vitro  model 
to  study  hydration  kinetics  is  essential  to  the  development  of  hydro- 
phobic  skin  protective  agents. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

In  past  work  at  LAIR,  techniques  have  been  developed  to  Isolate 
and  store  stratum  corneum  successfully.  An  apparatus  consisting 
of  quartz  beam  thermogravimetric  device  coupled  to  a thermoevolution 
analyzer  recorder  is  being  developed  to  obtain  the  measurements 
of  hydration  state  of  the  stratum  corneum.  The  entire  apparatus  is 
tioused  in  a temperature  controlled  environment.  Auxiliary  equipment 
to  control  humidity  and  wind  speed  have  also  been  developed.  This 
experimental  design  will  permit  the  measurement  of  hydration  state 
of  stratum  corneum  as  it  is  simultaneously  influenced  by  temperature, 
relative  humidity,  and  wind  speed. 

CONCLUSIONS 

This  apparatus  will  provide  measures  of  the  hydration  state  of  the 
stratum  corneum  as  it  is  influenced  by  temperature,  relative  humidity, 
and  air  flow. 

RECOMMENDATIONS 

We  should  continue  to  make  measurements  of  stratum  corneum  hydration 
to  insure  the  validity  of  the  model. 

PUBLICATIONS 

None 

STUDY  No.  2 Precutaneous  absorption  and  evaporation 

of  topical  agents  applied  to  the  skin 
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PROBLEM 


Stratum  corneum,  the  outermost  layer  of  the  skin,  has  been  recog- 
nized as  the  protective  barrier  agalnat  topical ly  applied  drugs,  cos- 
metics, detergents,  solvents,  and  other  chemicals  which  sometimes 
contact  the  skin  at  high  concentrations,  however,  during  the  last 
decade,  there  have  been  reports  that  a portion  of  the  topically 
applied  dose  of  a variety  of  compounds  mav  be  absorbed  through 
the  stratum  corneum.  To  evaluate  these  reports  and  to  study  the 
protective  role  of  the  stratum  corneum,  we  designed  a method  to 
measure  both  the  evaporative  and  penetrative  losses  of  substances 
from  the  skin  as  well  as  the  total  amount  of  the  compound  penetrating 
the  skin  If  It  remains  on  the  surface  over  an  extended  period  of 
time.  Our  findings  Indicate  that  a proportion  of  certain  compounds 
penetrate  and  that  the  portion  which  penetrates  is  similar  for 
compounds  applied  at  high  concentrations  and  low  concentrations. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

In  model  systems  developed  to  study  loss  of  chemicals  from  tiie  skin, 
the  most  common  approach  lias  been  permeability  chambers  (cells)  with 
either  whole  skin,  separated  epidermis,  or  stratum  corneum.  Although 
systems,  wltii  a liquid  phase  on  both  sides  of  the  membrane,  yield 
steady  state  penetration  data  with  accurate  physical  constants,  the 
membrane  is  over-hydrated;  therefore,  the  liquid/liquid  system  Is  not 
Intended  to  duplicate  In  vivo  Conditions.  I’erroeabillty  cells  which 
have  an  aqueous  phase  only  on  the  dermal  side  of  the  membrane  give 
s closer  approximation  to  in  vivo  penetration;  however,  loss  of  sub- 
stances from  the  skin  frequently  occurs  by  both  evaporation  and 
penetration . 

The  cell  used  in  the  current  study  Is  designed  to  permit  detection 
of  both  evaporation  and  penetration  through  a piece  of  excised 
skin.  Ringer's  lactate  solution  flown  under  the  dermal  side,  and 
dry  sir  passes  over  the  stratum  corneum  surface  where  the  teat 
compound  la  applied.  In  our  earlv  work  with  insect  impellents 
In  the  evaporation-penetration  cell,  we  found  that  excessive  hydration 
of  the  corneum  resulted  in  less  penetration  and  more  evaporation 
than  we  observed  later  when  we  used  Intact  skin  In  place  of  stratum 
corneum.  Apparently,  the  dermal  layer  of  whole  skin  protects  the 
stratum  corneum  from  excessive  hydration  while  It  acts  as  a llpo- 
phllltc  sink  for  the  repellent  compounds.  Although  the  preceding 
observation  appears  to  contradict  the  premise  that  greater  hydration 
means  greater  skin  permeability,  the  decreased  permeability  In  this 
instance  almply  reflects  the  tendency  of  an  oily  repellent  to  remain 
on  tht  surface  rather  than  to  penetrate  into  the  water  phase  of 
an  excaaalvely  hydrated  membrane.  Normally,  akin  maintains  a lipid- 
water  balance  Into  which  an  oily  compound  would  penetrate. 

In  our  studies  with  the  evaporation-penetration  cell,  we  found  that 


mosquito  repellents  persisted  on  the  excised  skin  surface  for  approxi- 
mately the  same  period  of  time  as  repellents  protected  men  against 
mosquitoes  in  vivo.  Over  a 24  h period,  approximately  50Z  of  the  most 
commonly  used  mosquito  repellent  N,N-dlethyl-m-toluamide  (deet) 
evaporated  from  the  skin  surface  while  34Z  penetrated.  With  a se- 
cond experimental  repellent  compound,  carbamide,  only  6Z  was  lost 
by  evaporation  while  70a  penetrated.  The  penetration  of  repellents 
in  vitro  can  be  used  to  estimate  the  amount  of  compound  penetrating 
in  vivo.  If  a moderate  dose  of  the  repellent  deet  (0.3  mg/cm2) 
is  applied  to  the  arms  and  face  (3000  cm2),  the  absorbed  dose  would 
be  about  270  mg  per  application  in  24  h in  still  air.  Tne  absorbed 
dose  varies  with  the  size  of  the  body  area,  the  site,  and  the  length 
of  time  the  repellent  persists  on  the  skin. 

The  same  absorption  principle  has  been  tried  in  treatment  of  essen- 
tial fatty  acid  (EFA)  deficiency  in  patients  with  long-term  total 
parenteral  nutrition.  Safflower  oil  was  applied  to  the  skin  surface 
to  provide  sufficient  llnoleic  acid  (Cjg)  to  prevent  EFA  deficiency. 

In  our  studies,  a similar  compound,  hexadecanolc  acid  (Cifc),  had  about 
30Z  penetration  in  the  evaporation-penetration  cell.  If  a dose 
of  Cj£  (1  mg/cm2)  was  applied  over  the  arms  and  back  (3000  cm2), 
as  much  as  1300  mg  would  be  absorbed  over  a 24  h period. 


In  our  in  vitro  system,  23Z  of  the  sunscreen  p-amino-benzoic  acid 
(PABA)  penetrated  the  skin.  Although  23Z  is  not  a small  proportion, 

PABA  formulations  are  designed  to  maintain  the  active  compound  on 
or  in  the  stratum  corneum.  Moreover,  the  necessary  concentration 
of  PABA  is  low  (3Z),  which  favors  less  total  PABA  penetration  in 
ordinary  use. 

CONCLUSIONS 

In  vitro  data  indicate  that  evaporation  from  the  skin  surface  is  a major 
mode  of  loss  for  certain  insect  repellents.  In  addition,  substantial 
amounts  of  insect  repellent's  and  other  compounds  penetrate  into 
the  akin. 

RECOMMENDATIONS 

Studies  of  percutaneous  absorption  and  evaporation  (where  appropriate) 
of  agents  of  interest  to  the  military  should  be  continued. 

PUBLICATIONS 


None 

STUDY  NO.  3 


Evaporation  of  insect  repellents  in  vivo 
and  in  vitro 
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PROBLEM 


Although  percutaneous  absorption  has  been  considered  In  many  studies, 
certain  substances  like  mosquito  repellents  are  lost  in  large  part 
bv  evaporation  from  the  skin  surface.  Since  vapor-phase  repellents 
act  by  disrupting  the  mosquito  in  her  approach  to  the  skin,  evaporative 
loss  is  necessary  to  maintain  at  least  the  minimal  concentration 
of  repellent  above  the  skin  which  will  repel  mosquitoes.  Tills 
concentration  is  called  the  minimum  effective  concentration  (MEC) 
and  can  be  used  to  estimate  the  intrinsic  repellency  of  the  repellent 
chemical . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  parameter  which  has  been  measured  is  the  MEC  above  the  skin 
or  the  minimum  effective  evaporation  rate  of  repellent  from  the 
skin  which  is  necessary  to  repel  mosquitoes.  The  minimum  effective 
applied  dose  of  25  pg/cm^  was  determined  previously  by  application 
of  the  repellent  deet  in  successively  lower  does  on  16  individuals 
until  the  repellent  no  longer  afforded  protection  when  the  treated 
forearm  was  exposed  to  mosquitoes.  Comparison  of  the  evaporation  2 
rates  determined  by  two  different  in  vivo  methods  yields  3.5  pg/cm  /h 
as  a good  approximation  to  the  minimum  evaporation  rate.  This  compares 
favorably  to  a minimum  effective  evaporation  rate  of  5 pg/cm^/hr 
found  in  vitro.  The  MEC  can  be  calculated  from  the  area  of  evaporation 
and  flow  rate,  giving  a result  of  1.16  ng/ml  or  6.1  x 10"^moles/liter. 
These  levels  of  steady  state  evaporation  are  comparable  to  the  evolution 
of  certain  normal  body  effluents  determined  in  previous  studies; 
hence,  some  natural  human  factors  are  competitive  with  repellent 
vapors  at  repellent  doses  approaching  the  minimum  effective  levels. 

This  observation  is  in  agreement  with  previous  studies  showing  that 
differences  between  individuals  have  significant  influence  on  the 
duration  of  repellent  efficacy. 

Repellent  loss  from  the  skin  at  the  low  dose  considered  here  appears 
to  follow  simple  first-order  kinetics,  i.e.,  the  evaporation  rate 
decreases  logarithmically  with  respect  to  time.  However,  at  higher 
doses  in  vitro  and  in  vivo  a steady  state  evaporation  rate  has  been 
observed.  We  also  observed  considerable  differences  in  evaporation 
rates  at  different  sites  on  the  same  and  different  individuals. 

The  biological  variation  in  adjacent  skin  sites  has  been  recognized 
in  previous  reports.  Despite  this  variation  observed  both  in  vivo 
and  in  vitro,  the  relative  portion  of  repellent  evaporating  in 
each  case  is  similar. 

CONCLUSIONS 


There  are  differences  in  the  measured  evaporation  rate  of  a repellent 
applied  at  the  minimum  effective  dose.  Moreover,  on  different 


Individuals  the  resulting  MEC  of  repellent  above  the  akin  la  comparable 

°f  not“1  bod*  fluenta.  Consequently, 
Individual  differences  affecting  either  relative  evaporation  and 
penetration  and  the  normal  body  effluents  may  affect  the  efficacy 
or  persistence  of  a topical  agent  like  a repellent. 

RECOMMENDATIONS 

This  study  supports  the  validity  of  our  in  vitro  techniques  and  the 
in  vitro  work  should  continue  as  a reliable  means  of  assessing 
minimum  effective  evaporation  rates  of  repellents.  Information  of 
this  type  Is  vital  to  formulation  work  ao  that  the  necessary  amount 
of  repellent  evaporation  Is  allowed,  while  excessive  evaporation  Is 
reduced . 


PUBLICATIONS 


1.  AKERS,  W.A.,  and  T.S.  SPENCER.  Drug  loss  from  the  skin  by  evaporation 
and  penetration.  Scientific  exhibit,  American  Academy  of  Dermatolosy 
Chicago,  December,  1976.  Received  the  Gold  Award  for  oriainal 
scientific  work. 
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23.  (II)  Under  unfavorable  conditions,  epidemics  of  funpal  infections  can  Incapacitate 
38  percent  of  combat  soldiers  within  16  days  of  first  exposure  with  the  average  period 
of  Incapacitation  7.3  days.  The  biochemical  pathways  fungi  use  to  attack  skin  will  be 
investigated.  The  effects  of  varying  environmental  factors  on  Invasion  by  fungi  in 
man's  skin  will  be  determined  - temperature,  water,  humidity,  occlusion.  Novel  preven- 
tive and  therapeutic  measures  will  be  sought. 

24.  (U)  The  approach  will  be  to  (1)  evaluate  effects  of  environmental  factors  and 
Yutrltlonai  factors  on  germination  and  growth  of  dermatophytes  in  vitro,  (2)  develop  a 
sethod  to  prepare  suspensions  of  individual  arthrospore,  and  (3)  evaluate  the  role  of 
sxocellular  enzvmes  in  experimental  fungal  infections. 

25.  (U)  76  10  - 77  09.  Purified  single  cell  arthrospores  have  been  prepared  from  T\ 
[mentagrophytes  and  T.  rub rum.  Antibodies  have  been  prepared  against  exocellular  en- 
zymes for  use  in  fluorescent  antibody  techniques.  Large  quantities  of  trlchophytln 
antigen  have  been  secured  and  are  presently  under  evaluation.  Electrophoretic  and  lso- 
electrof ocualnp  methods  were  developed  to  separate  trlchophytln.  Alcian-blue  and 
Iperiodlc-acld-Schlf f stains  were  utilized  to  visualize  the  antigen  and  to  monitor 
(various  purification  steps. 
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ABSTRACT 


3M161102BS02  Other  Tropical  Medicine 

067  Biochemical  Mechanisms  of 

Pathogenesis  in  Fungal  Skin 
Infections 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Preparation  of  purified  skin  test  antigens  of 
the  dermatophytes 

STUDY  NO.  2 Morphological  and  chemostructural  characteriza- 
tion of  the  events  of  ontogenetic  development 
of  Trichophyton  mentagrophytes 

Both  studies  are  designed  to  determine  mechanisms  of  pathogenesis 
of  dermatophytes. 

STUDY  NO.  1 The  first  study  concentrates  on  development  of  antigens 
useful  in  studies  of  imimine  response  to  dermatophyte  infection.  Production 
of  a quantity  of  antigen  and  production  of  antisera  against  trichophyton 
were  two  major  goals  of  the  study.  Both  were  accomplished. 

STUDY  NO.  2 The  second  study  seeks  to  determine  the  relationship 
of  morphologically  distinct  fungal  forms  to  the  events  of  fungal 
infection.  A model  system*  with  the  use  of  chorioallantoic  membrane 
of  chicken  eggs  as  a representation  of  epidermal  tissue,  has  been 
developed.  Successful  production  in  vitro  of  individual  arthrospores 
have  allowed  investigations  of  the  role  of  these  morphologic  forms 
to  begin. 


PROJECT  NO. 
WORK  UNIT  NO. 
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WORK  UNIT  NO.  067  Biochemical  Mechanisms  of  Patho- 

genesis in  Fungal  Skin  Infections 

STUDY  NO.  1 Preparation  of  purified  skin  test 

antigens  of  the  dermatophytes 

PROBLEM 

dermatophyte  infections  are  prominent  producers  of  medically  debili- 
tating skin  lesions  in  soldiers.  The  predominant  etiologic  agent 
tor  such  infections  in  U.S.  Army  personnel  in  the  Republic  of  Vietnam 
nas  been  identified  as  Trichophyton  mentagrophy tes  var.  granulare . Al- 
though there  is  a voluminous  amount  of  literature  written  about  these 
fungal  infections,  a paucity  of  information  remains  regarding  the 
specific  mechanisms  of  pathogenesis.  Research  from  this  study  has 
been  centered  upon  preparation  and  characterization  of  trichophytin 
antigens.  Preparation  of  adequate  quantities  of  antigen  will  allow 
further  investigation  into  the  mechanism  of  pathogenesis  due  to  the 
host  immune  response. 

RESU LTS  AND  DISCUSS ION  OF  RESULTS 

Conditions  for  growth  of  fungi  and  processing  of  antigen  were  opti- 
mized. Growtli  of  T.  mentagrophy  tes  var.  asteroldes  in  a complex 
medium  in  a well-aerated  fermenter  consistently  produces  high 
yields  of  trichophvtin  antigen.  A series  of  column  chromatography 
procedures  were  developed  which  are  capable  of  resolving  trichophy- 
tin antigen  into  a single  component.  Our  most  highly  purified 
trichophytin  as  well  as  T.  mentagrophy tes  spores  and  T.  mentagro- 
£hytes  hyphal  mat  were  used  as  antigen  to  Immunize  rabbits.  Good 
antibody  response  was  detect  a in  all  3 groups  of  rabbits.  As 
expected,  sera  from  rabbits  immunized  with  trichophytin  formed 
precipitin  lines  with  either  spores  or  hyphal  mat.  Conversely, 
sera  from  rabbits  immunized  with  either  spores  or  hyphal  mat  reacted 
with  trichophytin.  Tnese  immune  sera  are  to  be  used  for  a variety 
of  investigations.  Investigations  will  Include  fluorescent  anti- 
body detection  of  trichophytin  in  active  infection,  detections  of 
host  antibodies  toward  T.  mentagrophy tes , and  affinity  chromatography 
purification  of  trichophytin. 

One  of  our  major  objectives  has  been  to  procure  a single  large  lot 
of  trichophytin  antigen.  The  lot  was  produced  by  an  outside  con- 
. tractor  to  our  specification.  Activity  assayed  in  guinea  pigs  is 
23  ug/skln  test  produced  lesion  14+0.9  mm  at  24  h;  10  pg/skln  test 
produced  lesion  10  + 0.6  mm  at  24  h.  These  reactions  are  equivalent 
to  those  produced  by  small  lots  of  trichophytin  produced  in  our 
laboratory.  Total  yield  was  approximately  4.0  g or  approximately 
400,000  ten  ug  doses.  The  antigen  produces  a precipitin  line  of 
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equivalence  when  essayed  with  homologous  trlchophytln  and  rabbit 
antl-Trtchophyton  sera. 

CONCLUSIONS 

Two  major  goals  of  this  study  were  realized.  A single  large  lot 
of  trlchophytln  was  procured.  Antisera  against  both  trlchophytln 
and  whole  live  fungal  organisms  were  produced.  Meeting  these  goals 
has  provided  tools  for  expansion  of  the  study  into  Investigation  of 
the  role  of  specific  antigens  in  fungal  infection. 

RECOMMENDATIONS 

Although  trlchophytln  has  been  produced  in  quantity  and  appears  to 
be  the  major  antigenic  component  of  cultured  T.  mentagrophy tes,  evi- 
dence is  still  lacking  to  indicate  that  trlchophytln  plays  a major 
role  in  eliciting  immunity  to  fungal  infection.  Other  antigens 
isolated  either  from  infections,  prepared  from  fungi  grown  on  stratum 
corneum,  or  considered  to  be  invariant  among  morphologic  forms  will  need 
to  be  isolated  and  tested  for  immune  capacity.  Specific  antisera  against 
trlchophytln  will  be  useful  in  delineating  the  location  of  trlchophytln 
in  infection.  Fluorescent  labeling  techniques  will  provide  some  basis 
to  determine  depth  of  penetration  of  antigen  and  site  of  immune  reactions. 

PUBLICATIONS 

1.  LANCASTER,  M.,  J.C.  FOYE,  and  J.S.  JAEGER.  Visualization  of 

the  trlchophytln  antigen  from  Trichophyton  mentagrophytes  utilizing 
the  technique  of  isotachophoresis . (Abstract)  In:  Annual  Meeting 
of  American  Society  for  Microbiology  (New  Orleans*  LA.,  8-13  May 
1977),  p 378 

STUDY  NO.  2 Morphological  and  chemostructural 

characterization  of  the  events  of 
ontogenetic  development  of 
Trichophyton  mentagrophytes 

PROBLEM 


Determining  how  saprophytic  septate  branching  mycelium  changes  to 
the  pathogenic  hypersegmented  mycelium  or  arthrospore  form  will  lead 
to  the  identification  of  the  conditions  causing  this  alteration 
and  its  accompanying  enzyme  systems.  As  they  become  known,  this 
will  permit  altering  the  physical  conditions  of  the  host  or  blocking 
some  of  the  enzyme  systems  by  chemotherapy  which  may  be  prophylactic 
or  therapeutic  measures  against  cutaneous  fungal  infections  which 
molest  our  combat  troops. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 

Preliminary  results  from  inoculating  the  chorio*n»„,  < 

(CAM)  of  a fertile  chicken  egg  indicate  that  C m*n,brane 

for  studying  the  conversion  of  microconidia  to  hvner  * 8°°d  “*dl* 

The  conversion  occurs  in  less  than  5 ^«Vq  if  /P  raegD,ented  “ycelia. 
electron  microscopy  that  the  surface  o/the  mycelia°exc^  ^ SC<*nnln8 
that  forms  fine  strands  which  intennesh  and  «tach  to  oth^V  “*terlal 
and  nost  cells.  An  inflammatory  reaction  «.n  a w h hyPhae 
tissue.  These  fine  strands  a role  L r.*  ^ by  the  host 

appear  to  trap  some  blood  cells  in  the  CAM  bv  fP*  °8enlc  Pr°cess . They 
la.  excretion  of  the,.  .trend.  h^  bee^npHc^fb8  * “"T”*' 
fungal  colonies  on  the  sides  of  glass  tubes  afr  I 8rowlng  8maTl 

spores  in  a mannitol  salts  urea  Ldia  f or  l week  Tr^T 
trichophyton  mentagrophytes  var.  (ATff  187i'iQ1  °8 

■*dia  ofthis^siEiJn  causes  to ^ 

segmented  form  with  some  stranding  but  greater  amounts  I ? hy?er' 
are  observed  on  the  glass  surface  above  the  medium  It  i 8 
by,  at  least,  2 strains  of  T.  rubrum  and  one  strain  of V « Produced 
Light  microscopy  tissue  sections  revealed  the  tam  * — terdTgitale. 

all  3 layers  with  the  ATCC  18748  strain.  W*8  lnvaded  throughout 

CONCLUSIONS 


"vI«.R  LhLrriU„rrinf.thho.*t“tMLitdh*f  b"T  eU"  «■»»  « 

that  wer.  not  observed  before  (Ue^ao^oo  er"*c °Pltyte  Invasion 

flb"u-  M's  s:  u r 


recommendations 

A time  study  of  the  process  of  invasion  of  pam  , 

observe  more  closely  how  long  it  takes  the  i houJd  be  undertaken  to 
and  hov  they  penetrate.  0$  by  ‘t  'T*"' 

microscopy  (and  perhaos  them  » f ,s  details  by  electron 

v.  dupucat.  thj  gr^th  j'vitjo  :„°r/e  r^'0*"**  “•« >.  <=•» 

involved.  Chemical  identification  of  th^  ffh  ^ enZyme  8y8te®s 

through  the  walls  should  be  undertaken  to  “!  “aterial  excreted 

genesis.  undertaken  to  determine  its  role  in  patho- 
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(U)  Fracture  of  bone;  (U)  Stress  fracture;  (U)  March  fracture;  (U)  Non-union  of  bone; 

(V)  Mai -union  of  bone:  (U)  Vitamin  D metabolisms  (U)  Small  Intestine. 

|a>  TECHNICAL  OBJECTIVE.*  I*  ARRROACM,  IS.  RROORCU  fF»RRl«A  RR'aSmR a*  V KIRN*  P*»«W*  teal  •!  *a«A  MO  fac«»llr  CImmINcmiIw*  c«f»  1 

23.  (U)  Military  personnel  in  training  and  combat  incur  a high  incidence  of  march 
(stress)  and  traumatic  fractures  which  cause  much  morbidity  and  disability.  March 
fractures  often  heal  poorly;  30  percent  of  patients  never  return  to  duty.  A large 
percentage  of  traumatic  fractures  heal  more  slowly  than  normal  or  not  at  all.  We  will 
determine  if  the  metabolism  of  vitamin  D is  abnormal  in  these  patients  and  responsible 
for  the  poor  healing  of  bone. 

24.  (U)  The  metabolism  of  vitamin  D will  be  studied  in  patients  of  military  age  with 
march  fractures  and  in  animals.  Small  intestinal  mucosa  obtained  via  peroral  biopsy  in 
the  patients  will  be  incubated  in  vitro  and  the  uptake  of  calcium  and  phosphate,  the 
activity  of  alkaline  phosphatase  and  ribonucleic  acid  (RNA)  polymerase,  and  the  concen- 
tration of  calcium  binding  protein  will  be  determined.  These  parameters  will  be 
measured  while  the  patients  are  on  low  and  high  calcium  diets.  The  status  of  bone  will 
be  determined  by  appropriate  x-rays,  osteodensitometry,  bone  biopsy,  and  ultra-aound 
measurements.  The  levels  of  25-hydroxy  vitamin  D-,  1,25  dihydroxyvitamin  and 
parathormone  will  be  determined.  Parallel  studies  will  be  done  in  rachitic  chicks. 

25.  (U)  76  10  - 77  09  Using  the  rachitic  chick  as  a model,  we  have  evaluated  the 

effect  of  1,25  dihydroxyvitamin  D^  and  its  synthetic  analog,  la-hydroxyvitamin  D on 
the  following  intestinal  and  bone  parameters : calcium  mobilization  and  transport, 
phosphate  mobilization  and  transport,  calcium  binding  protein,  alkaline  phosphatase, 
RNA,  and  protein  synthesis.  We  have  demonstrated  that  calcium  transport  and  alkaline 
phosphatase,  in  contrast  to  calcium  mobilization  and  calcium  binding  protein,  are 
stimulated  by  1,25  dihydroxyvitamin  D^  and  la-hydroxyvitamin  D.  without  de  novo 

RNA  induction.  We  have  found  that  the  calcium  content  of  the  diet  not  only  alters 
calcium  uptake  in  tissue  obtained  by  gut  biopsy  but  also  alters  the  ability  of 

stimulate  calcium  blndlnn  protein 
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ABSTRACT 


PROJECT  NO.  3M161102BS02  Basic  Mechanisms  of  Recovery  from 

Injury 

WORK  UNIT  NO.  070  Influence  of  Nutrients,  Hormones 

and  Related  Substances  on  the  Recovery 
from  Injury 


The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 The  effect  of  1,25  dlhydroxyvitamin  D.  and  la- 
hydroxyvltamin  D on  calcium  activated  ATPase, 
calcium  binding  protein,  and  calcium  and  phosphate 
uptake  in  the  chick  intestine. 


The  relationship  between  1,25  dlhydroxyvitamin  (l,25(OII)„D_)  mediated 
calcium  transport,  calcium  binding  protein  (CaBP;,  and  alkaline 
phosphatase  (alk  Pase)  has  been  explored.  Our  data  indicate  that 
calcium  transport  is  less  influenced  by  CaBP  and  alk  Pase  than  by 
dietary  calcium  and  phosphate  for  the  following  reasons:  (1)  Calcium 
transport  is  stimulated  earlier  following  l,25(OH)_D  administration 
than  CaUP  or  alk  Pase;  (2)  Inhibition  of  CaBP  or  alk  Pase  induction  of 
protein  synthesis  inhibitors  does  not  prevent  stimulation  of  calcium 
transport;  and  (3)  Increasing  dietary  calcium  enhances  CaBP  induction 
blocks  alk  Pase  activation  and  has  a Diphasic  effect  on  calcium 
transport. 


The  ability  of  l,25(OH)_D  to  stimulate  calcium  transport  via  an  action 
on  mitochondria  and  microsomes  was  examined,  but  no  direct  Influence 
could  be  demonstrated.  1, 25(0^2^  appears  to  stimulate  calcium 
transport  by  an  action  on  the  plasma  membrane,  an  effect  regulated  by 
dietary  calcium  and  phosphate,  but  it  is  not  dependent  on  protein 
synthesis. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  070  Influence  of  Nutrients,  Hormones 

and  Related  Substances  on  the  Recovery 
from  Injury 

STUDY  NO.  1 The  effect  of  1,25  dlhydroxyvitamin 

and  la-hydroxyvitamin  D on  calcium 
activated  ATPase  calcium  binding 
protein,  and  calcium  and  phosphate 
uptake  In  the  chick  Intestine. 

PROBLEM 

Two  types  of  fractures  occur  with  high  frequency  in  the  military 
population:  (1)  the  fracture  due  to  impact  (e.g.  missile  wounds, 

sudden  blow  to  a bone),  and  (2)  the  stress  fracture  (also  called  march 
or  fatigue  fracture) . Both  types  of  fractures  cause  considerable 
morbidity  and  prolonged,  if  not  permanent,  disability  in  the  affected 
soldier.  Recent  advances  in  the  understanding  of  the  mechanism  of 
action  of  vitamin  D make  it  possible  to  investigate  the  potential  role 
of  vitamin  D in  the  etiology  and  treatment  of  these  bone  problems. 

These  animal  studies  represent  the  investigation  of  in  vitro  techniques 
which,  if  successful,  will  be  applied  to  the  study  of  patients  with 
these  and  related  types  of  bone  disease.  We  have  investigated  the 
mechanism  whereby  1,25  dlhydroxyvitamin  D (l,25(OH)  D ),  the  biolog- 
ically active  metabolite  of  vitamin  D , regulates  calcium  transport 
across  the  gut.  We  have  determined  that  this  process  does  not  require 
de  novo  protein  synthesis,  in  particular  synthesis  of  CaBP  and  alk  Pase. 
We  have  found,  however,  that  dietary  concentrations  of  calcium  and 
phosphate  alter  the  influence  of  l,25(OH)2D3  on  the  gut  which  suggests 
that  such  dietary  factors  cannot  be  ignored  in  one's  evaluation  of 
soldiers  with  fractures. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Stimulation  of  calcium  transport  by  l,25(OH)„D_  is  observed  within  2 
hours  after  in  vivo  administration  of  the  hormone.  Induction  of  CaBP 
and  activation  of  alk  Pase  require  A to  6 hours.  Both  the  Induction  of 
CaBP  and  the  activation  of  alk  Pase  can  be  blocked  by  cycloheximide; 
the  stimulation  of  calcium  transport  is  not  affected.  The  parodoxical 
stimulation  of  alk  Pase  by  actinomycin  D,  which  is  additive  to  that  by 
1,25  (OH) or  laOHDj,  is  also  inhibited  by  cycloheximide. 

Calcium  accumulation  by  duodenal  mucosa  in  vivo  following  l,25(OH)2D, 
administration  is  blphaslc  with  maximal  accumulation  occurring  at  the 
onset  of  CaBP  synthesis  and  diminishing  as  CaBP  concentrations 
increase.  The  bulk  of  calcium  Inside  the  cell  is  found  in  mitochondria. 
If  CaBP  synthesis  is  blocked  by  cycloheximide,  the  gut  mucosa  continues 
to  accumulate  calcium  following  1,25(011)  D with  a massive  increase  in 
mitochondrial  granules. 
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Under  conditions  of  fixed  l,25(OH)_D_  dosage  a marked  influence  of 
dietary  calcium  and  phosphate  on  CaBP,  alk  Pase,  and  calcium  transport 
was  observed.  Increasing  calcium  content  of  the  diet  led  to  Increased 
CaBP  production  but  decreased  alk  Pase  stimulation.  The  effect  of 
phosphate  on  CaBP  production  is  less  impressive,  but  it  has  a similar 
influence  to  calcium  on  alk  Pase.  Acute  changes  in  diet  show  a 
biphasic  effect  on  calcium  transport  with  1.2%  calcium  inhibiting 
compared  to  0.12%  or  2-32%  calcium  and  0.65%  phosphate  stimulating 
compared  to  0.25%  or  1.2%  phosphate.  After  4 days  on  the  diet,  the 
influence  on  transport  was  less  pronounced.  Intestinal  mitochondria 
from  chicks  given  1,25(011)  _D.  were  compared  to  those  from  rachitic 
chicks  in  their  ability  to  take  up  calcium.  No  difference  was  seen 
either  in  extent  of  accumulation  or  in  concentration  of  calcium  required 
to  observe  accumulation.  No  difference  wa6  observed  in  the  ability  of 
the  intestinal  cytosol  from  the  l,25(OH)„D  treated  vs.  rachitic  chicks 
to  stimulate  calcium  uptake  by  the  mitochondria. 

CONCLUSIONS 

1.  The  stimulation  of  calcium  transport  across  the  gut  by 
1,25(011) does  not  require  the  induction  of  CaBP  or  alk  Pase. 

2.  '"Dietary  calcium  and  phosphate  modulate  the  effects  of  1,25 (OH) ^0^ 
on  the  gut. 

3.  The  effect  of  1,25(011) ^D^  on  calcium  transport  is  probably  at 
the  level  of  the  plasma  membrane  rather  than  the  mitochondrion. 

RECOMMENDATIONS 


The  means  by  which  calcium  and  phosphate  regulate  1,25 (OH) „D^  action 
on  the  gut  should  be  explored  further  and  the  effects  of  l,25(On)2b^  on 
the  plasma  membrane  should  be  studied. 
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23.  (U)  The  acutely  injured  soldier  develops  negative  nitrogen  balance  and  loses  muscle 
mass.  The  mechanism  for  this  is  unknown.  One  of  the  factors  that  may  be  involved  is 
myoglobin,  a heme  protein  which  transports  oxygen  within  muscle  cells.  Injury  may 
deplete  the  enzyme,  metmyoglobin  reductase,  which  maintains  myoglobin  in  its  functional 
reduced  state.  Injured  muscle  loses  myoglobin  into  the  peripheral  circulation  where  it 
may  cause  secondary  renal  damage  for  unknown  reasons.  Muscular  activity  generates 
Increased  body  heat.  If  heat  generation  exceeds  heat  dissipation,  heatstroke  (a  lethal 
condition)  may  be  produced.  Failure  of  myoglobin  to  maintain  sufficient  Intracellular 
oxygen  supplies  may  result  in  decreased  chemical  energy  (as  adenosine  triphosphate)  and 
Increased  heat  production.  The  myoglobin  system  and  its  relation  to  oxygen  utilization 
and  heat  production  in  muscle  will  be  studied. 

24.  (U)  Muscle  tissue  will  be  obtained  from  animals,  normal  human  volunteers  and 
patients  with  a variety  of  muscle  diseases.  Metmyoglobin  reducing  activity  will  be 
determined  in  these  muscle  tissue  samples.  Purification  of  the  enzyme,  and  definitive 
studies  of  the  properties  and  characteristics  of  the  purified  enzyme  will  be  undertaken. 
The  relationship  between  metmyoglobin  reducing  activity,  exercise-induced  muscle  hyper- 
trophy, Immobilization- induced  muscle  atrophy,  and  recovery  of  injured  muscle  will  be 
studied. 

25.  (U)  76  10  - 77  09  Metmyoglobin  reductase  from  bovine  heart  has  been  purified 
repeatedly  between  1000-  and  1500-fold;  the  process  has  yielded  materials  witli  specific 
activities  in  excess  of  40,000.  The  enzyme  so  produced  Is  nearly  homogeneous  on  gel 
electrophoresis.  Purified  enzyme  retains  nearly  full  activity  for  up  to  30  days  under 
appropriate  conditions  of  storage.  Limited  scale-up  will  provide  sufficient  material 
for  definitive  study  of  the  properties  and  characteristics  of  the  enzyme. 
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ABSTRACT 


PROJECT  NO,  3M161102BS02  Basic  Mechanisms  of  Recovery  from 

Injury 

WORK  UNIT  NO,  071  The  Metabolic  Response  of  Muscle 

to  Injury,  Exercise,  and  Diet  In 
Health  and  Disease 

The  following  Investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Studies  concerning  the  mechanism  which  controls  the 
redox  state  of  myoglobin 

Previous  studies  clearly  demonstrated  the  presence  of  metmyoglobin 
reducing  activity  in  muscle.  The  major  emphasis  this  past  year  has 
been  to  purify  and  characterize  this  enzyme,  metmyoglobin  reductase. 

By  utilizing  sequential  purification  procedures  the  enzyme  has  been 
purified  between  1000-  and  1500-fold,  and  has  yielded  specific 
activities  in  excess  of  40,000  units  per  mg  protein.  Conditions  which 
maximize  yield  and  stability  have  been  ascertained.  Purification  of 
sufficient  enzyme  is  underway  so  that  the  properties  and  character- 
istics of  the  enzyme  can  be  determined. 


BODY  OF  REPORT 


WORK  UNIT  NO.  071 


STUDY  NO.  1 


The  Metabolic  Response  of  Muscle 
to  Injury,  Exercise,  and  Diet  in 
Health  and  Disease 

Studies  concerning  the  mechanism 
which  controls  the  redox  state  of 
myoglobin. 


PROBLEM 


Hemoglobin  (Hb)  of  red  blood  cells  and  myoglobin  (Mb)  of  red  muscle 
share  a number  of  properties  which  include  reversible  oxygenation  to 
form  oxyhemoglobin  (HbO  ) or  oxymyoglobin  (MbO  );  or  irreversible 
oxidation  to  methemoglofiin  (MetHb)  or  metmyoglSbin  (MetMb),  respectively. 
Whether  these  heme  proteins  undergo  oxygenation  or  oxidation  depends 
on  a number  of  factors  which  are  complex  and  not  completely  understood 

redeMPhHSi°J?Ri^a\C0nditl0nS  ln  VlV°’  °nly  2 to  32  of  hemoglobin  in  * 
red  blood  cells  is  in  the  met-forro.  Several  efficient  enzymatic  systems 

have  been  described  which  continually  reduce  MetHb,  thereby  preventing 
its  accumulation  to  any  appreciable  extent.  The  enzymes  responsible 
for  this  reduction  utilize  NADH  or  NADPH,  and  in  some  cases  require 
an  electron  carrier  such  as  methylene  blue  for  in  vitro  study.  By  far 
the  most  active  system  requires  ferrocyanide  ion  activation. 

ov!;LleSSJt\tenti0n  has  been  8iven  t0  the  Possible  existence  of  similar 
systems  which  reduce  MetMb.  MetMb  normally  is  not  thought  to  be 

present  in  muscle  in  any  appreciable  quantity  despite  the  greater 
susceptibility  of  Mb  to  oxidation  than  Hb.  It  is'reas^bfe  ^o  assume 
that  muscle  must  contain  a highly  active  mechanism  for  MetMb  reduction; 
otherwise,  the  continued  formation  of  MetMb  would  go  unopposed.  The 
presence  of  diaphoreses  in  muscle  is  well  Known.  However"  the  existence 

in  rJtPK?lfiC  *eductase»  analogous  to  MetHb  reductase  activity 

in  red  blood  cells,  has  not  been  convincingly  demonstrated  heretofore. 

Enzymatic  reduction  of  MetMb  by  NADH  and  NADPH  dependent  mechanisms 
has  been  shown  by  Rossi-Fanelli  et  al,  however,  a specific  MetMb 

a^tivi^y  was  not  found.  An  enzyme  which  will  reduce  metrayo- 
g lob in  has  been  described  in  dolphin  muscle.  Enzyme  activity  was 
demonstrable  with  either  NADH  or  NADPH  at  pH  7.0  and  required  the 
presence  of  methylene  blue.  How  this  enzyme  differs  from  diaphorase 
is  not  clear.  Presumed  enzymatic  reducing  activity  has  also  been 

oTlZ  llT  < bDtr  lntaCt  “d  8r°Und  raeat’  but  wlthout  clarification 
of  the  mechanism.  Furthermore,  it  has  been  shown  that  efficient  non- 

enzymatic  MetMb  reduction  can  occur  in  vitro  under  suitable  circum- 

~ Uoreover’  fmnnnologic  and  electrophoretic  studies  have  shown 
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Despite  the  failure  of  past  investigators  to  demonstrate  convincingly 
specific  enzymatic  MetMb  reduction,  it  seemed  logical  to  conclude  that 
if  MetMb  reductase  exists  in  red  blood  cells,  an  analogous  enzyme 
for  MetMb  reduction  should  exist  in  muscle.  Initial  studies  (discussed 
in  the  1975  Annual  Report  pp  101-105)  demonstrated  the  presence  of 
a specific  NADM-dependent  metmyoglobln  reductase  in  the  soluble 
supernatant  fraction  of  homogenized  beef  heart.  The  optimum  assay 
conditions  and  some  of  the  properties  of  the  enzyme  (in  the  crude 
system)  were  established.  The  next  series  of  studies  and  experiments 
were  aimed  at  purifying  the  enzymatic  reducing  activity  in  the  super- 
natant fraction  of  homogenized  beef  heart. 

Muscle  function  is  impaired  in  wounded  soldiers  by  direct  injury 
(trauma,  muscle  wounds,  excessive  exercise)  and/or  immobilization  of 
limbs  and/or  bed  rest.  In  order  to  facilitate  healing  and  to  reverse 
atrophy  of  muscle  it  is  important  to  understand  the  mechanism  Involved 
in  exercise-induced  hypertrophy  and  the  immobilization- induced  atrophy 
of  muscle.  It  is  postulated  that  myoglobin  is  involved  in  these 
exercise-dependent  responses  of  muscle  via  its  function  as  an  intra- 
cellular carrier  of  oxygen.  Since  oxygen  also  oxidizes  myoglobin  to 
the  met-form  it  can  be  logically  argued  that  there  must  exist  a 
mechanism  for  the  reduction  of  metmyoglobln.  If  so,  one  might  expect 
also  that  defects  in  the  metmyoglobln  reduction  system  can  lead  to 
exercise-induced  injury,  diminished  hypertrophy  of  muscle  during 
exercise,  accelerated  atrophy  during  immobilization,  and  prolonged 
recovery  after  injury. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Highly  purified  enzyme  has  been  prepared  by  using  the  following 
sequential  steps:  1)  ammonium  sulfate  fractionation,  2)  carboxymethyl 
sephadex  column  chromatography,  3)  DEAE  cellulose  column  chromatography, 

4)  affinity  column  chromatography  with  Affi-Gel  Blue'  ' , and, 

5)  sephacryl  S-200  column  chromatography.  Starting  with  crude  homo- 
genate from  beef  heart,  the  enzyme  has  been  purified  between  1000-and 
1500-fold,  yielding  specific  activities  in  excess  of  40,000  units/mg 
protein.  The  purified  enzyme  retains  at  least  851  of  its  initial 
activity  for  up  to  45  days.  Activity  during  purification  and  storage 
is  maintained  by  addition  of  EDTA  to  all  buffers  and  dialysis  solutions 
and  by  rapid  concentration  of  the  enzyme  solution  after  each  chromato- 
graphic step  and  prior  to  storage.  Enzyme  which  has  been  purified  by 
this  scheme  demonstrates  a minor  trace  of  contaminating  non-enzyme 
protein  on  acrylamide  gel  electrophoresis.  The  electrophoretic 
mobility  of  the  purified  metmyoglobln  reductase  is  different  titan  the 
mobility  of  the  methemoglobin  reducing  substance  of  crude  RBC 
hemolysates  (presumed  methemoglobin  reductase)  and  pig  heart  diaphorase 
which  has  been  obtained  commercially.  We  now  are  preparing  sufficient 
amounts  of  enzyme  necessary  to  study  the  properties  and  characteristics 
of  the  enzyme. 
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CONCLUSIONS 


Previous  studies  have  conclusively  demonstrated  for  the  first  time  the 
presence  of  a specific,  NADH-dependent,  metmyoglobin  reductase  in 
the  soluble  supernatant  fraction  of  homogenized  beef  heart.  Sub- 
sequently we  have  shown  that  the  enzyme  can  be  purified  1000-  to 
1500-fold  and  stored  for  prolonged  periods  of  time  without  significant 
loss  of  activity.  Sufficient  purification  is  being  performed  in 
order  to  study  the  properties  and  characteristics  of  the  enzyme. 

RECOMMENDATIONS 

These  studies  should  be  continued. 

PUBLICATIONS 

IIACLER,  L.,  R.  I.  COPPES,  Jr.,  and  R.  li.  HERMAN . Metmyoglobin  reductase 
Identification  of  a reduced  nicotinamide  adenine  dinucleotide  dependent 
enzyme  from  bovine  heart  which  reduces  metmyoglobin.  (Abstract  No.  334) 
Ted  Proc  35:  1423,  1976. 
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23.  The  objective  is  to  provide:  (a)  a computer  facility  consistent  with  functional 
military  research  requirement  existing  within  LAIR,  (b)  technical  assistance  in  inter- 
facing experimental  apparatus  to  data  acquisition  equipment,  (c)  a basic  library  of 
statistical  and  general  utility  programs,  (d)  assistance  to  military  research  project 
managers  in  developing  mathematical  models,  designing  experiments,  formulating  testable 
hypotheses,  and  interpreting  results. 

24.  (P)  Consultation  is  provided  in  the  appropriate  and  efficient  use  of  available 
statistical  and  mathematical  programs.  Generally,  studies  are  planned  to  provide  valid 
and  thorough  statistical  analysis  for  a variety  of  biomedical  research  needs.  Studies 
emphasize  making  analyses  readily  available  to  researchers.  Presentation  of  data  and 
analyses  are  designed  so  that  they  may  be  easily  interpreted  by  investigators  who  may 
not  have  statistical  or  computer  backgrounds.  In-house  data  processing  is  planned  and 
distributed  on  basis  of  need.  These  systems  permit  investigators  to  acquire  data 
automatically  and  to  conduct  analyses  interactively. 

25.  (U)  76  10  - 77  09.  The  in-house  computer  system  (a  Data  General  ECLIPSE  C/300)  is 
operational  and  has  been  providing  daily  service  to  all  LAIR  scientists  and  their 
staffs.  Eighteen  remote  terminals  have  been  installed  throughout  the  building  for 
interactive  access.  On-line  plotting  capability  for  the  research  data  has  been  added 
to  the  in-house  system.  Some  general  purpose  algorithms  for  common  biomedial  signal 
processing  such  as  real-time  peak/valley  detection  have  been  developed.  Data  acquisi- 
tion routines  have  been  developed  for  instrument  interfaces  in  the  areas  of  biomedical 
stress  measurements  and  cardio-respiratory  data  analysis.  Consultation  in  experimental 
design  and  statistical  analysis  has  been  provided  on  a continuing  basis.  This  termina- 
tion reflects  consolidation  of  this  work  unit  with  work  unit  055. 
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ABSTRACT 


PROJECT  NO.  3M161102BS02 
WORK  UNIT  NO.  072 


Basic  Mechanisms  of  Recovery  from 
Injury 

Mathematical  and  Computer  Support 
of  Military  Biomedical  Research 


The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 General  mathematical  and  statistical  systems 

STUDY  NO.  2 Direct  mathematical  and  statistical  support  of 
military  biomedical  research 

STUDY  NO.  3 Design  of  distributed  information  processing 
facilities 

STUDY  NO.  5 Biomedical  engineering  and  data  acquisition 


Mathematical  and  statistical  computing  support  is  available  to  LAIR 
investigators  from  two  sources.  First,  a remote  job  entry  terminal 
gives  access  to  a CDC  7600  computer  at  Lawrence  Berkeley  Laboratory 
(LBL) . Second,  the  Data  General  ECLIPSE  C/300  In-house  computer  provides 
additional,  although  limited,  support.  LAIR  maintains  statistical 
software  on  both  syctems.  Statistical  consultation  is  also  available 
on  how  to  use  the  statistical  software  as  well  as  how  to  incorporate 
statistical  tests  in  experimental  design  and  data  analysis.  The 
in-house  distributed  computer  system  has  been  expanded  through  the 
procurement  of  fifteen  additional  terminals  and  another  minicomputer. 

Data  acquisition  on  the  minicomputer  nodes  of  the  network  is  well 
underway. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  072  Mathematical  and  Computer  Support 

of  Military  Biomedical  Research 

STUDY  NO.  1 General  mathematical  and 

statistical  systems 

PROBLEM 

Statistics  is  a collection  of  methods  which  allows  one  to  make  objective 
inferences  about  uncertain  data.  The  term  data  analysis,  however,  is 
used  to  describe  techniques  more  recently  developed  in  the  computer 
environment.  The  objectives  of  computer  data  analysis  have  been 
described  as  (1)  achieving  a more  specific  description  of  what  is 
loosely  known  or  suspected;  (2)  finding  unanticipated  aspects  of  the 
data,  and  to  suggest  unthought-of-models  for  the  data's  summarization 
and  exposure;  (3)  employing  data  to  assess  the  adequacy  of  a contem- 
plated model;  (4)  providing  incentives  and  guidance  for  further  analysis 
of  the  data,  and  (5)  keeping  the  investigator  fully  stimulated  while  he 
absorbs  the  feeling  of  the  data  and  considers  what  to  do  next.  The 
objective  of  this  study  is  to  provide  the  mathematical  and  statistical 
computer  software  necessary  for  comprehensive  data  analysis. 

It  is  the  philosophy  of  the  Department  of  Information  Sciences  that  most 
data  analysis  procedures  may  be  performed  with  the  use  of  packaged 
programs,  i.e.,  stand-alone  computer  programs  specifically  designed  for 
data  analysis.  Such  programs  are  large  and  do  not  readily  lend  them- 
selves to  implementation  on  minicomputers  such  as  the  ECLIPSE  C/300. 
Indeed,  running  large  packaged  programs  on  the  ECLIPSE  would  signifi- 
cantly reduce  response  time  to  interactive  users.  Therefore,  large 
packaged  programs  are  maintained  at  Lawrence  Berkeley  Laboratory. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

At  Lawrence  Berkeley  Laboratory,  LAIR  maintains  two  statistical  packages. 
The  Generalized  Research  Analysis  Statistical  System  (GRASS)  is  a package 
designed  to  be  easy  to  use  for  the  researcher  relatively  unfamiliar 
with  computers.  GRASS  has  the  capability  to  produce  a variety  of 
descriptive  statistics,  plots,  histograms,  and  nonparametric  tests. 

GRASS  also  has  a variety  of  data  transformation  and  data  manipulation 
capabilities.  An  updated  and  revised  user's  manual  for  the  GRASS 
package  was  published  this  year. 

In  addition  to  GRASS,  LAIR  maintains  the  Biomedical  Computer  Programs 
(BMDP)  developed  at  the  Health  Sciences  Computing  Facility,  University 
of  California,  Los  Angeles.  The  BMDP  revision  implemented  at  LBL  this 
year  includes  four  new  programs: 
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BMDP2F  Two-way  frequency  tables — empty  cells  and  the  identification 
of  departures  from  independence 

BMDP3F  Multiway  frequency  tables  analysis  (using  log-linear  models) 
BMDPAM  Description  and  estimation  of  missing  data 
BMDP9R  All  possible  subsets  regression 

In  addition  to  the  LAIR  maintained  packages,  LBL  supports  Statistical 
Package  for  the  Social  Sciences  (SPSS)  , an  integrated  package  for  data 
manipulation  and  analysis.  LBL  updated  SPSS  to  include  several  new 
procedures  including  MANOVA,  a powerful  program  for  analysis  of  linear 
models.  LBL  also  maintains  a variety  of  FORTRAN  subroutine  libraries 
which  may  be  used  to  build  special  purpose  programs. 

It  is  acknowledged  that  packaged  programs  will  not  solve  all  statistical 
computing  problems  at  LAIR.  Often  special  programs  must  be  written  to 
implement  special  techniques  or  data  analytic  methodologies.  The 
Department  of  Information  Sciences  believes  that  such  programs  are  most 
easily  developed  on  the  ECLIPSE  C/300.  To  facilitate  building  such 
programs,  the  International  Mathematical  and  Statistical  Library  (IMSL) 
was  acquired  and  implemented  on  the  ECLIPSE  C/300.  IMSL  contains 
approximately  150  mathematical  and  statistical  FORTRAN  subroutines. 
Several  programs  have  already  been  written  by  using  the  IMSL  building 
blocks.  These  programs  include  basic  statistics,  principal  components 
analysis,  and  stepwise  regression  with  residual  analysis. 

CONCLUSIONS 


A variety  of  statistical  software  is  used  to  perform  data  analysis  at 
LAIR.  Program  packages  allow  an  investigator  to  select  which  statis- 
tical routines  are  most  appropriate  without  having  to  master  the  compu- 
tational techniques.  Lawrence  Berkeley  Laboratory  only  supports  one 
statistical  package,  SPSS.  A good  remote  computing  site  should  provide 
several  such  packages,  as  well  as  a data  base  management  system  which  is 
able  to  interface  directly  with  statistical  packages.  The  burden  to 
maintain  general  software  should  be  on  the  remote  computing  facility, 
not  on  users  such  as  LAIR. 

RECOMMENDATIONS 

It  is  recommended  that  the  feasibility  of  obtaining  remote  batch 
processing  services  at  another  site,  which  better  supports  general 
statistical  software,  be  investigated.  Effort  to  develop  specialized 
statistical  software  on  the  ECLIPSE,  as  applications  arise,  should  continue. 
BMDP  should  be  updated  as  new  revisions  become  available. 

PUBLICATIONS 

LAZARUS,  H. , T.  MC  CAA,  R.  TEPLICK,  and  M.  WRENSCH.  Generalized 
Research  Analysis  Statistical  System  (Second  Edition).  Report  No.  33. 

San  Francisco,  CA:  Letterman  Army  Institute  of  Research,  November  1976 
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STUDY  NO.  2 Direct  mathematical  and 

statistical  support  of  military 
biomedical  research 

PROBLEM 

Efficiency  in  data  collection  and  analysis  is  gained  by  careful 
planning  of  experiments,  knowledge  of  appropriate  statistical  principles 
and  techniques,  and  a familiarity  with  available  computer  software.  To 
attain  such  a goal,  this  study  provides  LAIR  investigators  with  techni- 
cal support  in  experimental  design  and  subsequent  computer-aided  data 
analysis . 

RESULTS  AND  DISCUSSION 


Consultation  is  available,  as  requested,  in  experimental  design,  data 
analysis  and  use  of  mathematical  and  statistical  computer  software. 
Objectives  sought  in  formulating  good  experimental  design  are  (1)  a 
formal  definition  of  the  primary  goals  of  the  experiment;  (2)  employment 
of  a statistical  model  appropriate  to  the  experimental  material  which 
provides  unambiguous  results,  and  (3)  a design  which  is  feasible  within 
the  working  conditions  of  the  investigator.  Once  the  data  has  been 
collected  from  the  designed  experiment,  support  is  available  to  reduce 
and  interpret  the  data  statistically. 

CONCLUSIONS  AND  RECOMMENDATIONS 


Appropriate  use  of  statistical  methods  is  essential  to  accomplishing 
the  scientific  research  mission  at  LAIR.  Technical  mathematical  and 
statistical  support  centralized  in  the  Department  of  Information 
Sciences  represents  the  best  way  to  insure  continued  available  support 
to  all  investigators. 

PUBLICATIONS 

PECK,  C.,  and  A.  HOPKINS.  Problems  in  analyzing  pharmacokinetic  data. 

In;  Proceedings  of  the  Twenty-second  Conference  on  the  Design  of  Experi- 
ments in  Army  Research  Development  and  Testing,  Army  Research  Office, 

Report  No.  2,  (Research  Triangle  Park,  North  Carolina,  June  1977), 

pp  11-21. 

STUDY  NO.  3 Design  of  distributed  information 

processing  facilities 

PROBLEM 


There  are  many  reasons  why  an  investigator  might  choose  not  to  use 
available  computer  facilities;  inaccessibility  because  of  physical 
locations;  burdensome  and  tedious  data  input;  lack  of  software  for 
adequately  presenting  analyzed  experimental  data.  The  objective  of 
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this  study  Is  to  eliminate  these  roadhlocks  to  computer  usage  and 
maintain  a system  that  provides  adequate  support  to  biomedical 
research  activities. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS 

Hardware  and  Facilities 

LBL  Computer  Services.  The  CDC  6*00/7600  computer  system  located 
at  Lawrence  Berkeley  Laboratory  (LBL)  computer  center,  Berkeley, 
California,  continues  to  provide  remote  job  entry  computer  support  via 
the  CDC  200  user  terminal.  Unfortunately,  this  terminal  accepts  only 
card  input  and  cannot  be  hooked  up  to  acquired  data  from  any  experi- 
mental apparatus. 

Data  General  ECLIPSE  C/300.  This  large  minicomputer  is  the  host 
computer  for  a network  of  smaller  computers  and  terminals  being  in- 
stalled at  LAIR.  It  consists  of  128,000  words  of  memory,  two  90 
million  character  disk  drives,  one  industry  compatible  9-track  tape 
drive,  a 300  line/minute  line  printer,  a 250  card/minute  card  reader, 
two  125,000  character  floppy  disk  drives,  a high  speed  paper  tape 
reader,  a pen  and  ink  plotter,  and  communications  equipment  capable 
of  handling  22  in-house  lines  and  two  outside  lines.  The  initial 
terminal  configuration  consisted  of  three  CRTs  and  four  teletypes.  An 
additional  ten  CRTs  were  acquired  through  the  ADP  excess  equipment  list 
and  an  additional  five  hard  copy  terminals  were  procured  from  Data  General 
Corporation  (DGC) . Approximately  half  of  these  terminals  have  been 
installed  in  selected  remote  locations  throughout  the  Institute.  Thus 
an  investigator  need  not  leave  his  department  area  to  gain  access  to 
a computer.  At  the  terminal  he  may  interactively  enter  programs 
and  data,  and,  thereby,  bypass  any  need  for  transcription  of  data  to 
punched  cards.  No  other  minicomputers  have  actually  been  hooked  up  into 
the  network.  However,  planning  for  communications  procotols  has  begun. 

The  capabilities  being  implemented  on  each  of  the  individual  minicomputers 
are  described  in  the  following  paragraphs.  The  common  need  being  satisfied 
is  that  experimental  apparatus  can  be  hooked  up  directly  and  data  acquired 
in  real-time. 

Surgery  Data  General  NOVA  3/12.  This  small  minicomputer  was  procured 
for  data  acquisition  ano  control  of  experiments  in  ophthalmologic  testing, 
thoracic  surgery,  pulmonary  physiology,  and  anesthesiology.  It  has  been 
installed  and  has  begun  to  yield  productive  results  in  the  past  year. 
Details  of  the  work  done  on  this  machine  will  be  described  under  the 
appropriate  surgery  work  unit.  One  notable  item  is  that  procedures 
developed  by  use  of  this  machine  have  led  to  development  of  a device  for 
ophthalmologic  testing  on  which  patents  are  now  pending. 

Military  Stress  Data  General  NOVA  3/12.  This  is  a new  minicomputer 
procured  during  the  past  year.  It  has  32,000  words  of  memory,  two 
125,000  character  floppy  disk  drives,  a hard  copy  terminal,  16 
channels  of  analog  to  digital,  and  4 channels  of  digital  to  analog 
conversion  capability.  It  has  been  installed  and  functioning  in  the 
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Military  Stress  area  for  stress  data  acquisition  and  analysis.  Systems 
level  software  has  been  developed  under  this  study  for  simplifying 
access  to  the  analog  to  digital  converter  and  Initiating  conversion 
under  control  of  an  external  trigger  signal.  Applications  In  EEC 
analysis  and  the  processing  of  other  stress  Indicators  are  discussed 
under  the  appropriate  work  unit. 

Bioenergetics  MODCOMP  II.  Development  of  the  treadmill  auto- 
mated system  (TAS)  Is  continuing.  Additional  core  memory  was  procured 
which  increased  the  capacity  to  64,000  words.  This  provides  sufficient 
space  for  the  operating  system,  TAS  software,  and  application  programs. 

Sof  twa  re  Deve 1 opment 

Data  General  ECLIPSE  C/300.  A network  protocol  documentation  has 
been  acquired  from  IBM,  Digital  Equipment  Corporation  (DEC),  and  Canadian 
Bell.  Development  is  beginning  on  a communications  network  based  on  the 
DECNET  protocol.  The  Terminal  Control  System  (TCS)  Plot-10  package  lias 
been  acquired  and  modified  to  run  on  the  ECLIPSE  C/300.  Through  this 
package  a user  may  specify  simply  high-level  directives  which  accomplish 
the  plotting  of  data. 

Training 

Eive  courses  have  been  conducted  by  Department  of  Information 
Sciences  personnel  for  LAIR  scientists  and  technicians  to  introduce 
them  to  the  RAS1C  programming  language  available  on  the  central 
time-sharing  computer.  At  the  conclusion  of  these  courses  the  students 
have  been  able  to  write  simple  programs  in  the  BASIC  program  language 
for  their  own  scientific  calculations.  This  primary  training  program 
is  continuing  and  expanding  in  response  to  the  desire  of  the  LAIR 
community.  An  advanced  course  In  data  structures  was  also  developed 
and  given. 

CONCLUSIONS 

The  In-house  computer  network  continues  to  grow  both  in  equipment  and 
software  capability.  Strategically  placed  terminals  and  computers  make 
it  much  easier  and  more  pleasant  for  investigators  to  access  computing 
resources.  Archiving  of  data  for  future  analysis  is  being  reduced  to 
a simpler  task. 

RECOMMENDATIONS 


Additional  terminals  and  minicomputer  nodes  must  be  purchased  to 
provide  necessary  computing  resources  to  all  departments.  A network 
protocol  must  be  developed  and  implemented  to  be  able  to  tie  all  of 
these  together  into  a functioning  network.  Extramural  support  agree- 
ments such  as  LB1,  must  be  continued  to  provide  full  data  base  management 
and  statistical  support  until  such  time  these  capabilities  can  be 
implemented  on  the  in-house  network. 
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WORK  UNIT  072 

STUDY  NO.  5 Biomedical  engineering 

and  data  acquisition 

PROBLEM 

Rising  sophistication  of  biomedical  research  activities  at  LAIR  have 
increased  the  requirements  for  biomedical  engineering  support.  The 
objective  of  this  study  is  to  provide  such  support  as  needed  by 
Investigators  at  LAIR,  to  maintain  responsive,  state-of-the-art 
techniques  sufficient  for  future  needs,  and  to  collaborate  with 
Institute  investigators  when  appropriate. 

RESULTS  AND  DISCUSSION  OF  THE  RESULTS 

Surgical  Recovery  Analysis.  This  project  involves  computer 
storage  of  the  medical  records  of  upwards  of  100  surgery  patients 
treated  at  Letterman  Army  Medical  Center  (LAMC) , performing  various 
statistical  analyses  upon  these  data  in  order  to  identify  correlation 
between  postoperative  treatment  and  rate  of  recovery,  and  generation 
of  mathematical  models  useful  in  predicting  state  of  recovery  and 
certain  treatment  parameters.  To  date,  the  special  purpose  data  base 
for  the  medical  records  has  been  successfully  programmed  in  FORTRAN  and 
Implemented  on  the  Data  General  ECLIPSE  C/300.  The  programming  for 
the  statistical  analysis  is  underway  for  using  the  International 
Mathematical  Statistical  Library  as  the  fundamental  source  of  statisti- 
cal subroutines.  The  formulation  of  the  predictive  models  awaits  the 
results  of  the  statistical  analysis. 

Cardiopulmonary  Analysis.  This  project  involves  on-line  data 
acquisition  of  eight  (8)  cardiopulmonary  variables  from  anesthetized 
dogs,  on-line  analysis  of  several  of  the  variables  providing  real  time 
feedback  to  the  investigator  in  the  form  of  analog  graphic  displays, 
and  extensive  off-line  analysis  of  the  stored  data  toward  the  end  of 
describing  the  cardiopulmonary  effects  of  various  kinds  of  anesthesia. 

To  date,  the  on-line  data  acquisition  and  analysis  programs  have  been 
written  for  Implementation  on  the  Data  General  NOVA  3/12.  Partial 
checkout  with  the  use  of  simulated  data  has  been  successful.  Full 
scale  checkout  awaits  hardware  modification  of  the  computer. 

Analog-to-Digital  (A-to-D)  and  Digital-to-Analog  (D-to-A)  conversion. 
Software  has  been  written  for  A-to-D  and  D-to-A  conversion  on  the  Data 
General  NOVA  3/12  computers  within  the  institute.  The  software  is 
general  purpose,  it  provides  many  features  for  convenience  of  the  using 
scientist. 
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Statistical  Subprograms.  Several  general  purpose  programs 
have  been  written,  some  have  used  subroutines  from  the  International 
Mathematical  and  Statistical  Library.  These  programs  will  be  of  general 
use  for  a number  of  computer  users  within  the  Institute  and  will 
encourage  direct  interaction  of  the  scientist  with  the  computer  for 
analysis  of  his  data. 

CONCLUSIONS  AND  RECOMMENDATIONS 


Biomedical  engineering  support  and  consultation  is  a recently  added 
dimension  of  the  Department  of  Information  Sciences  at  LAIR.  The 
primary  value  of  this  expertise  lies  in  its  provision  of  an  effective 
interface  between  computer  scientists,  mathematicians  and  statisticians, 
and  biomedical  investigators  within  the  institute.  This  is  most 
important  in  research  requiring  on-line  data  acquisition  and  analysis, 
or  computer  modeling  of  biological  phenomena.  Continued  development 
of  biomedical  engineering  within  the  Department  of  Information  Sciences 
repiesents  the  best  way  to  forge  a closer  interaction  between  computer 
science  and  biomedical  research  within  LAIR. 
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23.  (U)  Hemoglobin,  free  of  cell  constituents,  may  be  an  ideal  resuscitation  fluid  for 
the  severely  wounded  soldier.  It  is  capable  of  in  vivo  on-loading  and  off-loading  oxy- 
gen with  sufficient  efficiency  to  maintain  normal  oxygen  consumption  in  experimental 
animals  rendered  virtually  free  of  circulating  red  cells.  Solutions  of  hemoglobin  are 
superior  to  electrolyte  solutions  in  resuscitation  of  animals  following  acute  hemor- 
rhagic shock.  Hemoglobin  can  be  stored  for  extended  periods.  The  object  of  these 
studies  is  to  evaluate  the  practicality  of  the  hemoglobin  solution  as  a resuscitation 
fluid  for  military  use. 

24.  (U)  Hemoglobin,  prepared  by  crystallization,  as  the  protein  base  for  a cell-free 
resuscitstlcn  solution  is  being  evaluated  in  animal  models  for  its  effect  on  critical 
organ  function  and  maintenance  of  morphological  integrity.  Storage  stability  under 
various  conditions  is  being  studied;  methemoglobin  formation  is  used  as  an  index  of  de- 
terioration. Optimal  concentrations  of  electrolytes  and  supplemental  protein  for  im- 
proved in  vivo  function  are  being  determined. 

25.  (U)  76  10  - 77  09  Total  and  partial  exchange  transfusion  of  hemoglobin  solutions 
in  rodents  have  shown  superior  maintenance  of  vital  signs,  improved  survival  and  su- 
perior preservation  of  liver,  kidney,  and  brain  morphologic  integrity  compared  with 
control  rodents  exchanged  with  albumin  solutions.  When  glucose  is  used  as  a stabilizer, 
hemoglobin  solutions  have  been  lyophilized,  stored,  and  reconstituted  with  only  negli- 
gible methemoglobin  formation.  Large  scale  preparation  of  hemoglobin  has  been  accom- 
plished in  cooperation  with  a pharmaceutical  company. 
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ABSTRACT 


PROJECT  NO. 


3M161 102BS02  Basic  Mechanisms  of  Recovery  from  Injury 


WORK  UNIT  NO.  075 


Investigation  of  Cell-Free  Resuscitating 
Solut Ions 


The  development  and  evaluation  of  the  effectiveness  of  hemoglobin  solu- 
tions as  a resuscitation  and  oxygen  carrying  blood  substitute  have 
been  continued.  Further  in  vivo  studies  have  shown  that  hemoglobin- 
transfused  rodents  maintain  an  effective  colloidal  osmotic  pressure 
(oncotic  pressure,  17-21  torr)  and  a constant  difference  in  oxygen 
content  between  arterial  and  venous  blood  (3-5  ml%)  during  and  after 
transfusion.  Morphological  and  biochemical  studies  demonstrate  that 
the  structural  integrity  of  the  liver,  kidney,  and  brain  is  maintained 
at  early  time  intervals  after  hemoglobin  transfusion.  Functional 
aspects  of  the  hemoglobin  molecule  have  been  investigated  with  attempts 
to  increase  the  oxygen  release  capacity  which  is  important  in  the  off- 
load of  oxygen  to  tissues  following  transfusion. 


If  the  logistic  requirements  of  combat  situations  are  to  be  fulfilled 
in  the  transfusion  of  mass  casualties,  this  blood  substitute  must  be 
available  in  large  quantities  and  must  be  stable  for  long  periods  of 
time.  The  production  technique  for  purifying  hemoglobin  from  outdated 
lysed  human  red  cells  by  crystallization  has  been  successfully  adapted 
to  large  scale  preparation,  and  the  mass  production  capacity  has  been 
proven.  Data  on  long-term  storage  indicate  that  hemoglobin  solutions 
stored  at  -20  C for  2 years  do  not  show  any  significant  alteration  in 
the  stability  and  function  of  hemoglobin.  At  4 C,  they  remain  unchanged 
for  a period  of  12  months.  With  the  use  of  3%  glucose  as  a stabilizer, 
solutions  of  hemoglobin  have  been  successfully  lyophilized,  without 
significant  metabolic  or  functional  alteration.  Samples  of  lyophilized 
hemoglobin  have  been  kept  at  room  temperature  and  analysis  after 
3 months  shows  that  no  significant  deterioration  has  occurred.  Lyo- 
philized hemoglobin  can  be  reconstituted  in  solution  by  addition  of 
sterile  water. 

Hemoglobin  solutions  appear  to  have  the  potential  to  become  an  ideal 
blood  substitute  and  to  provide  a suitable  resuscitation  fluid  for  the 
severely  wounded  soldier.  They  are  uniquely  suited  to  fulfill  the 
supply,  storage,  and  transportation  requirements  for  field  use  in 
combat  situations. 


BODY  OF  REPORT 


WORK  UNIT  NO.  075  Investigation  of  Cell-Free  Resuscitating 

Solutions 

PROBLEM 

Resuscitating  solutions,  to  be  effective,  must  meet  stringent  require- 
ments. As  blood  substitutes  they  must  provide  the  basis  for  a life 
support  system  and  for  restoring  vital  functions  in  mass  casualties, 
and  they  must  be  uniquely  suited  to  fulfill  the  supply,  storage,  and 
transportation  requirements  for  field  use  in  combat  situations. 

Plasma,  dextran,  albumin,  and  other  preparations  have  been  used  and, 
although  they  appear  to  be  effective  as  plasma  expanders,  they  are  of 
limited  use  as  blood  substitutes  since  they  do  not  carry  oxygen.  As 
a resuscitating  fluid,  blood  has  a limited  storage  life  and  requires 
typing  and  cross-matching  prior  to  use. 

Great  advantages  may  be  gained  by  the  development  of  a solution  capable 
of  transporting  oxygen,  maintaining  oncotic  pressure,  and  being  readily 
available  when  massive  clinical  transfusions  are  required. 

In  most  civilian  settings  in  this  country,  the  transfusion  requirements 
associated  with  massive  trauma  can  be  met  with  conventionally  stored 
blood  and  its  components.  However,  military  needs  frequently  demand 
massive  fluid  support  in  areas  remote  from  supply  sources;  these  needs 
present  unique  and  difficult  problems  in  storage  and  transportation 
of  these  fluids.  The  inability  to  predict  when  modest  transfusion 
requirements  may  suddenly  increase  further  complicates  fluid  therapy 
logistics.  The  ability  to  stockpile  a stable  protein  solution  capable 
of  carrying  and  exchanging  oxygen  would  avoid  many  of  these  diffi- 
culties . 

Hemoglobin  is  a protein  which  has  such  potential.  Hemoglobin  can  trans- 
port and  exchange  oxygen,  has  oncotic  activity,  can  be  prepared  from 
outdated  blood,  does  not  require  typing  and  cross-matching,  can  be 
stored  for  long  periods  of  time  under  sterile  conditions,  has  low  vis- 
cosity, and  is  thought  to  have  a low  allergic  potential.  However,  it 
is  imperative  that  if  hemoglobin  is  used  as  a blood  substitute,  it 
must  be  free  of  any  stromal  particle,  stromal  lipid,  or  other  soluble 
and  insoluble  cell  components  which  have  been  implicated  in  adverse 
effects  on  kidney  function  and  on  coagulation  factors.  Hemoglobin  has 
the  potential  to  become  an  important  blood  substitute  and  may  be  a 
suitable  resuscitation  for  the  severely  wounded  soldier.  The  problem 
of  developing  an  effective  blood  substitute  is  pertinent  not  only  to 
the  military  for  its  combat  casualties,  but  also  to  civilian  agencies 
for  casualties  in  accidents  and  mass  disasters. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 


Methods  advocated  for  the  preparation  of  hemoglobin  solution  require 
hemolysis  of  erythrocytes,  high  speed  centrifugation,  and  filtration 
through  a 0.2  p millipore  filter  to  remove  stromal  particles.  With 
these  techniques,  however,  there  remains  the  possibility  of  contamina- 
tion with  soluble  components  of  the  red  cell  membrane.  As  previously 
reported,  a rapid,  simple,  and  reproducible  method  has  been  developed 
In  our  laboratory  for  the  preparation  of  hemoglobin  solution.  The 
method,  based  on  the  crystallization  procedure,  yields  hemoglobin  free 
of  soluble  and  insoluble  red  blood  cell  membrane  components.  The 
hemoglobin  thus  prepared  Is  also  free  of  antigenic  substances  and  does 
not  affect  conventional  coagulation  tests.  The  effectiveness,  as  a 
transfusion  substitute  for  blood,  of  hemoglobin  prepared  by  crystalli- 
zation has  been  demonstrated  in  total  and  partial  blood  replacement 
studies  in  laboratory  animals,  as  reported  recently. 

Large  Scale  Preparation.  In  the  preparation  of  hemoglobin  by  the 
crystallization  procedure,  high  speed  centrifugation  for  the  sedimen- 
tation of  small  particles  is  not  necessary,  as  all  centrifugations  are 
at  low  speed  and  adaptable  to  batch  processing.  This  is  important  for 
large  scale  preparation  to  process  high  volumes  of  outdated  blood  to 
yield  quantities  of  hemoglobin  solutions  necessary  for  clinical  trans- 
fusions. Our  laboratory  has  served  as  a consultant  to  Hyland  Division, 
Travenol  Laboratories,  Costa  Mesa,  California  (Dr.  W.R.  Thomas , Director, 
Therapeutic  Research).  That  company  has  allocated  resources  for  large 
scale  preparation  of  hemoglobin.  The  production  technique  (i.e.,  by 
crystallization)  for  preparation  of  hemoglobin  from  outdated  lysed 
human  red  cells  has  been  adapted  and  the  mass  production  capacity  has 
been  proven.  We  tested  20  different  preparations  made  at  Hyland  to 
ascertain  that  our  specifications  were  met.  Recently,  4 gallons  of 
hemoglobin  solution  were  obtained  for  transfusion  studies  in  higher 
animals.  Investigators  at  Hyland  have  also  determined  certain  in  vitro 
and  in  vivo  characteristics  of  hemoglobin  and  have  confirmed  our  pub- 
lished data. 

Oncotic  Pressure  of  Hemoglobin  Solution.  It  has  been  postulated  that 
hemoglobin  solutions  exert  osmotic  pressure  because  hemoglobin  is  a 
high  molecular  weight  (b8,000)  protein  not  able  to  pass  through  the 
pores  of  a semi-permeable  membrane.  The  dissolved  proteins  of  the 
plasma  are  responsible  for  the  osmotic  pressure  that  develops  at  the 
capillary  membrane  and  tills  osmotic  pressure  is  called  "colloid  osmotic 
pressure"  or  "oncotic  pressure." 

The  oncotic  pressure  exerted  by  the  hemoglobin  solution  has  been  deter- 
mined quantitatively  since  it  is  important  that  an  effective  oncotic 
pressure  Is  maintained  in  vivo  during  and  after  transfusion.  The  on- 
cotic pressure  of  human  plasma  and  hemoglobin  solution  has  been  deter- 
mined as  a function  of  protein  concentration  and  the  results  have  shown 
no  significant  differences  between  these  2 fluids  at  the  several  pro- 
tein concentrations  investigated  (0.5-8  g/dl)  . 
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In  studies  in  vivo,  groups  of  rats  were  transfused  with  a 7 g/dl  hemo- 
globin (experimental,  n»4)  or  a 7 g/dl  albumin  solution  (control,  n*=4) 
to  25%  of  the  initial  packed  cell  volume.  Immediately  after  transfu- 
sion, both  groups  showed  similar  "plasma"  oncotic  pressure  of  20-21  torr, 
higher  than  that  observed  in  normal  rat  plasma  (17-18  torr  at  serum 
protein  concentrations  of  5.9  g/dl).  During  the  first  24  hours  after 
transfusion,  oncotic  pressure  values  of  19-20  torr  were  determined  in 
the  control,  and  values  of  15-17  torr  were  obtained  in  the  experimental 
group,  reflecting  the  different  intravascular  life  of  albumin  and  hemo- 
globin. After  6 to  8 days,  the  oncotic  pressure  returned  to  normal 
values  (17-18  torr)  . Plasma  protein  electrophoresis  in  experimental 
and  control  groups  demonstrated  a rapid  replacement  of  proteins.  By 
b hours  the  intravascular  albumin  of  the  experimental  group  had  been 
replenished  to  57%  and,  by  24  hours,  to  83%  of  the  preinfusion  concen- 
tration. The  data  demonstrate  that  the  rapid  loss  of  infused  free 
hemoglobin  may  pose  more  of  a theoretical  than  a practical  clinical 
limitation  from  the  standpoint  of  maintaining  oncotic  pressure. 

Morphological  Studies  of  Organs.  Investigations  on  possible  effects 
of  hemoglobin  solution  on  the  histology  and  ultrastructure  of  cells  of 
transfused  rats  have  been  continued.  Livers,  kidneys,  and  brains  of 
rats  transfused  to  a 75%  blood  replacement  with  hemoglobin  or  albumin 
solution  were  removed  at  1,  5,  12,  and  24  hours,  and  also  at  2 months 
after  transfusion.  The  organs  were  fixed  and  sections  cut  for  light 
and  electron  microscopic  examination.  The  results  show  that  livers  of 
rats  transfused  with  hemoglobin  appear  normal  at  1 and  5 hours  follow- 
ing completion  of  exchange.  In  contrast,  livers  of  animals  transfused 
with  albumin  demonstrate  marked  centrolobular  vacuolization  and  mito- 
chondrial abnormalities.  At  12  and  24  hours,  livers  from  experimental 
animals  show  randomly  distributed  focal  areas  of  centrolobular  abnormality, 
whereas  at  these  time  periods,  control  rats  show  small  foci  of  hepato- 
cellular necrosis.  By  2 months  the  architecture  of  the  liver  cells  is 
normal  in  all  animals. 

Kidneys  of  the  experimental  animals  show  intracellular  droplets  at 
24  hours  after  transfusion.  Intratubular  material,  presumably  hemo- 
globin, appears  in  greatest  quantity  at  one  hour  and  a small  propor- 
tion of  collecting  and  distal  tubules  still  contain  hemoglobin  at 
24  hours.  Albumin-exchanged  animals  demonstrate  little  increase  in 
proximal  tubular  cell  droplets  and  scant  intratubular  material. 

Cerebral  cortex,  hippocampus,  and  cerebellum  appear  normal  at  all  time 
periods  studied  in  all  animal  groups. 

These  results  suggest  that  during  the  early  time  periods  following 
exchange  transfusion,  hemoglobin  protects  the  liver  from  hypoxia,  pre- 
sumably by  its  ability  to  transport  and  off-load  oxygen.  The  rapid 
clearance  in  the  rat  (one-half  disappearance  time  of  3.5  hours)  of  the 
hemoglobin  may  explain  the  randomly  observed  centrolobular  alterations 
at  12  and  24  hours  after  transfusion.  The  presence  of  hemoglobin  in 
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the  tubular  lumens  represents  hemoglobin  being  excreted  through  urine. 
Hemoglobin  does  not  appear  to  affect  renal  tubular  epithelial  ultra- 
structure adversely. 

Further  in  vivo  Evaluation  of  Hemoglobin  Solution.  Preliminary  studies 
have  been  done  to  monitor  in  vivo  physiological  parameters  of  animals 
transfused  to  95%  blood  replacement  with  hemoglobin  or  albumin  or 
other  resuscitating  solutions.  The  results  indicate  that  to  maintain 
constant  central  venous  pressure,  replacement  of  one  volume  of  blood 
requires  1.6  volumes  of  plasmanate  or  4.1  volumes  of  Ringer's  lactate, 
whereas  when  hemoglobin  or  albumin  solution  is  used,  a 1:1  volume  ratio 
is  sufficient.  Furthermore,  in  hemoglobin-transfused  animals,  the  heart 
rate  and  the  body  temperature  remain  constant  during  transfusion, 
whereas  in  albumin-transfused  animals,  the  heart  rate  falls  from  a pre- 
transfusion  level  of  420  to  a post-transfusion  value  (2%  hematocrit) 
of  200,  and  the  body  temperature  shows  a corresponding  decrease  from 
35  to  32  C (95  to  89  F) . 

The  arterial  and  venous  oxygen  contents  were  measured  during  and  up  to 
3 hours  after  transfusion  in  animals  exchanged  with  hemoglobin  solu- 
tion to  95%  blood  replacement.  The  arteriovenous  oxygen  contents  de- 
clined during  transfusion  but  remained  fairly  constant  in  the  post- 
transfusion period.  The  A-Vo^  difference  was  maintained  during  the 
time  investigated,  which  indicates  that  the  extraction  of  oxygen  from 
the  circulating  arterial  fluid  continues  even  when  95%  of  blood  is 
replaced  by  the  hemoglobin  solution. 

Blood  volume  determinations  were  made  in  groups  of  rats  during  trans- 
fusion and  at  l,  3,  6,  18,  24,  and  48  hours  after  transfusion  to  75% 
blood  replacement  with  hemoglobin  or  albumin  solution.  The  results 
show  that  in  the  experimental  animals  a gradual  loss  of  blood  volume 
occurs  during  the  first  6 hours  after  completion  of  transfusion.  The 
blood  volume  returns  to  normal  pretransfusion  levels  at  24  hours  fol- 
lowing transfusion.  In  control  animals  the  blood  volume  loss  during 
the  6 hours  following  transfusion  is  small,  and  at  24  hours  normal 
blood  volumes  are  observed.  These  differences  possibly  can  be  attri- 
buted to  the  different  intravascular  life  of  hemoglobin  and  albumin. 

In  other  experiments,  rats  have  been  transfused  to  90%  blood  replace- 
ment with  a solution  containing  a mixture  of  hemoglobin  prepared  by 
crystallization  (7%)  and  albumin  (5%).  The  animals  appear  to  benefit 
from  this  mixture  since  all  the  animals  survived  without  additional 
transfusion,  whereas  control  animals  died  at  5 hours  following  90% 
blood  replacement  with  hemoglobin  solution  of  7 g/dl  nonsupplement ed 
with  albumin.  Preliminary  data  show  that  in  animals  transfused  with 
hemoglobin-albumin  mixtures,  the  loss  of  blood  volume  is  greatly  mini- 
mized and  the  oncotic  pressure  is  higher  than  normal  values.  After 
transfusion,  the  plasma  oncotic  pressure  shows  values  of  34  torr;  it 
returns  to  normal  levels  at  one  day  after  transfusion.  These  findings 
need  further  clarification  by  additional  experiments. 
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Functional  Aspects  of  Hemoglobin.  It  is  important  to  have  knowledge 
of  the  oxygen  dissociation  curve  and  of  the  several  factors  which  may 
influence  the  oxygen  affinity  to  the  hemoglobin  molecule,  since  hemo- 
globin, as  prepared  by  the  crystallization  procedure,  is  stripped  of 
the  organic  phosphate  compounds  present  in  the  red  cell  and  which  have 
been  reported  to  affect  oxygen-hemoglobin  interactions.  To  improve 
the  oxygen  release  capacity  of  hemoglobin,  attempts  have  been  made  to 
reduce  oxygen  affinity.  The  results  have  shown  that  oxygen  affinity 
decreases  slightly  by  addition  of  "diatrizoate  sodium"  and  considerably 
by  addition  of  "acetotrizoate  sodium"  to  the  hemoglobin  solution. 

Since  these  compounds  could  be  clinically  unacceptable,  organic  phos- 
phates such  as  2,3  diphosphoglycerate , adenosine  triphosphate,  and 
pyr idoxal-5 '-phosphate , have  been  studied.  The  data  show  that  these 
compounds  interact  with  the  hemoglobin  molecule  and  influence  the  P50 » 
improving  the  oxygen  release  capacity.  This  effect  is  dependent  on 
the  concentration  of  the  organic  phosphates  and  is  observed,  at  physio- 
logical levels,  only  in  hypotonic  media.  In  isotonic  solution,  no 
effect  is  obtained  unless  the  concentration  of  the  phosphate  compounds 
is  50  to  100  times  greater  than  the  physiological  values.  In  vivo 
studies  show  that  when  organic  phosphate  is  added  to  the  hemoglobin 
solution  infused  into  rats,  the  P50  of  the  intravascular  fluid  is  not 
affected  by  their  presence.  The  influence  of  salts  and  of  pH  on  the 
oxygen  dissociation  curve  of  hemoglobin  has  also  been  studied  and  the 
Bohr  effect  plotted.  We  obtained  data  similar  to  those  reported  in 
the  literature.  Other  studies  have  demonstrated  that  residual  glycoly- 
tic enzymatic  activity  is  associated  with  hemoglobin  prepared  by  a 
variety  of  procedures,  including  crystallization.  The  implication  of 
this  enzymatic  activity  on  the  structural  and  functional  integrity 
of  the  hemoglobin  molecule  is  being  investigated. 

Stability  of  Hemoglobin.  If  logistic  requirements  of  combat  situations 
are  to  be  fulfilled  in  the  transfusion  of  mass  casualties,  the  hemoglo- 
bin solution,  used  as  a blood  substitute,  must  be  available  in  large 
quantities  and  must  be  stable  for  long  period  of  time.  The  mass  pro- 
duction capability  of  the  preparation  procedure  of  hemoglobin  has  been 
proven,  as  described  before.  Data  on  storage  indicate  that  hemoglobin 
is  stable  for  a long  time.  Hemoglobin  solutions,  prepared  by  crystal- 
lization and  maintained  in  blood  bags  under  sterile  conditions,  were 
stored  at  refrigerator  (4  C)  or  freezer  temperature  (-20  C) . At  several 
intervals,  methemoglobin  content,  P50,  n values,  osmolality,  oxygen 
dissociation  curve,  oxygen  capacity,  Na,  K,  and  pH  were  analyzed. 
Solutions  maintained  at  -20  C do  not  demonstrate  any  alteration  in 
these  parameters  after  a storage  time  of  2 years.  Solutions  maintained 
at  4 C do  not  show  any  deterioration  for  a period  of  12  months.  After 
12  months  and  especially  after  18  months,  deteriorations  are  evident 
in  these  solutions,  as  demonstrated  by  increases  in  methemoglobin  con- 
tent and  decreases  in  the  P50  value. 

Although  storage  of  this  blood  substitute  for  such  an  extended  time  at 
refrigerator  temperatures  represents  a great  improvement  over  the 
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limited  storage  time  of  blood,  it  would  be  desirable  if  hemoglobin 
could  be  maintained  at  room  temperature.  In  solution  under  sterile 
conditions  and  at  room  temperature,  hemoglobin  is  transformed  to  met- 
hemoglobin  in  relatively  short  periods  of  time.  However,  through  the 
process  of  lyophilization,  solutions  of  hemoglobin  have  been  reduced 
to  a powdered  form  in  the  presence  of  glucose,  used  as  a stabilizer  to 
prevent  formation  of  methemoglob in  during  the  process.  Lyophilization 
has  been  done  under  sterile  conditions.  The  powdered  hemoglobin  thus 
obtained  can  be  reconstituted  in  solution  by  addition  of  distilled 
sterile  water;  a solution  ready  for  transfusion  when  needed  is  obtained. 
Samples  of  lyophilized  hemoglobin  have  been  kept  at  room  temperature; 
analysis  after  3 months  shows  that  no  significant  deterioration  has 
occurred. 

CONCLUSIONS 


Continued  efforts  to  evaluate  the  practicality  of  the  hemoglobin  solu- 
tion as  a resuscitation  and  oxygen-carrying  blood  substitute  indicate 
that  hemoglobin,  free  of  cell  membrane  constituents,  can  provide  the 
basis  for  suitable  resuscitation  fluid  for  the  severely  wounded  sol- 
dier. The  mass  production  capacity  of  the  hemoglobin  obtained  by  the 
crystallization  procedure  from  outdated  lysed  human  red  cells  has  been 
proven.  The  hemoglobin  solution  is  stable  for  long  periods  of  time; 
this  fulfills  the  logistic  requirements  for  supply,  storage,  and  transport 
when  massive  fluid  support  is  needed  in  the  transfusion  of  military  com- 
bat casualties  as  well  as  civilian  casualties.  The  data  obtained  in 
vivo  on  the  plasma  oncotic  pressure  demonstrate  that  the  rapid  loss  of 
infused  free  hemoglobin  may  pose  more  of  a theoretical  than  a practical 
clinical  limitation  from  the  standpoint  of  maintaining  an  effective 
oncotic  pressure.  As  a blood  substitute,  hemoglobin  appears  to  be  bene- 
ficial in  restoring  and  maintaining  vital  signs  and  does  not  appear  to 
cause  adverse  effects,  morphologically,  to  liver,  kidney,  or  brain  cells. 

RECOMMENDATIONS 


Hemoglobin,  available  now  in  large  quantities,  should  be  used  for  clini- 
cal studies  in  higher  animals.  These  studies  will  allow  us  to  monitor, 
with  a high  degree  of  accuracy,  a larger  range  of  important  physiologi- 
cal, biochemical,  and  hematological  parameters.  Investigations  on  the 
morphology  and  function  of  organs  of  animals  transfused  with  hemoglobin 
solution  should  be  continued  in  order  to  exclude  completely  any  poten- 
tial side  effects  which  might  occur  during  and  after  transfusion.  In- 
creasing efforts  should  be  focused  on  the  functional  aspects  of  the 
hemoglobin  molecule,  namely,  the  increase  of  oxygen  release  capacity  of 
hemoglobin  (i.e.,  higher  P50) » by  a direct  combination  of  hemoglobin 
with  an  organic  phosphate  compound  such  as  pyridoxal-5 '-phosphate . The 
removal  of  the  residual  enzymatic  activity  and  its  possible  effect  on 
the  structural  and  functional  integrity  of  the  hemoglobin  molecule 
should  be  further  investigated.  Also,  consideration  should  be  given 
to  increasing  the  retention  time  of  hemoglobin  in  the  plasma  after 
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transfusion.  The  development  of  hemoglobin  from  sources  other  than 
human  blood  should  be  explored  for  their  potential  as  blood  substitutes. 
The  efforts  in  preparing  hemoglobin  in  a powdered  form  to  be  maintained 
for  extended  periods  at  room  temperature  need  to  be  intensified  since 
this  achievement  is  promising  and  important  for  solving  supply,  storage, 
transportation,  and  other  logistics  problems. 
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ABSTRACT 


PROJECT  NO.  3M762772A810  Other  Tropical  Medicine 

WORK  UNIT  NO.  001  Prevention  of  Fungal  Infections  of 

the  Soldiers  Skin 

The  following  investigations  have  been  conducted  under  this  work 
unit: 


STUDY  NO.  1 Host  parasite  relationships  in  dermatophyte 
infections 


EX-1 
EX- 2 
STUDY  NO. 
EX-1 

EX- 2 
EX- 3 
EX-4 
EX- 5 


A visual  micromethod  for  assay  of  fungal  growth 

Effect  of  iron-deprivation  on  fungal  growth 

3 Immunology  of  fungal  infection 

A non-occluded  model  for  studying  dermatophytosls 
in  guinea  pigs 

Hairless  dogs  as  models  for  dermatophyte  infections 
Immunization  with  trichophytin 
Local  immunity 

Comparison  of  the  degree  of  immunity  with  normal 
or  severe  infections,  or  with  one  or  several 
reinfections 


STUDY  NO.  1 This  is  a microscopic  study  of  when,  where,  and  how 
dermatophytes  invade  skin.  Techniques  have  been  developed  and 
applied  to  non-occluded  experimental  Trichophyton  mentagrophytes 
infections  in  guinea  pigs.  Microscopic  observations  have  revealed 
that  (1)  spore  germination  on  the  stratum  corneum  surface  is 
rare  or  non-existent;  (2)  entrance  to  the  stratum  corneum  and  hair 
follicle  seems  to  be  via  the  opening  of  the  hair  follicle,  not  through 
the  Intact  surface  of  the  stratum  corneum;  and  (3)  the  lowest  portion 
of  the  stratum  corneum  (stratum  lucldum)  is  the  pathway  selected 
by  the  peripherally  apreadlng  fungus.  Further  studies  will  be  done 
to  determine  how  this  pattern  differs  for  occluded  or  abraded  skin. 


EX-1  A micromethod  was  developed  to  assay  fungal  growth. 

EX-2  A micro  method  was  developed  and  it  was  determined  thac 
deprivation  of  iron  by  the  iron-chelating  agent,  deferoxamine  mesylate, 
inhibits  fungal  growth  at  5 mg/ml. 
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STUDY  NO.  3 There  le  not  alweye  a positive  correlation  between 
inunity  and  conversion  to  positive  skin  test  responses.  Incressed 
or  complete  immunity  could  not  be  induced  by  creating  aore  severe 
lesions  or  by  repeated  infections.  It  has  been  found  that  coaplete 
immunity  exists  only  when  infections  are  attempted  at  a hairless, 
previously  Infected  site. 

EX-1  An  economical  method  of  producing  fungal  infections  in 
gulnee  pigs  was  developed. 

EX-2  Hairless  dogs  were  infected.  They  demonstrated  self- 
limited  fungal  infections.  They  are  superior  to  gulnes  pigs  in 
some  aspects  for  testing  topical  antifungal  agents. 

EX-3  There  is  not  always  a positive  correlation  between 
Immunity  and  conversion  to  positive  skin  test  responses. 

EX-4  Complete  immunity  exists  only  when  infections  are  attempted 
at  a hairless,  previously  infected  site. 

EX-5  Increased  or  complete  immunity  could  not  be  Induced  by 
more  severe  lesions  or  repeated  infections. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  001 

Prevention  of  Fungal  Infections  of  the 
Soldiers  Skin 

STUDY  NO . 1 

Host  parasite  relationships  in 
dermatophyte  infections 

PROBLEM 

In  the  combat  soldiers'  environment,  disease  produced  by  Trichophyton 
mentagrophytes  may  Increase  in  severity  and  result  in  epidemic 
disabling  body  ringworm.  By  microvisual  techniques,  we  investigated 
when  and  where  in  the  skin  the  fungus  invades.  We  hope  to  determine 
the  fungal  forms  and  their  exact  mlcroanatomic  pathways  of  invasion 
under  various  local  skin  conditions.  These  patterns  may  Indicate 
inherent  strengths  or  weaknesses  of  the  host  and  parasite  species 
as  they  interact,  which  may  lead  to  improved  prophylactic  or  therapeutic 
measures  or  agents. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

histopathologic  and  ultrastructural  studies  of  host-parasite  relation- 
ships were  begun  during  the  past  year.  The  prerequisite  techniques 
of  biopsy,  light  microscopy,  scanning  electron  microscopy,  and  trans- 
mission electron  microscopy  were  developed.  These  techniques  were 
used  to  study  the  LAIR  standardized  non-occluded  guinea  pig  infection 
with  Trichophyton  mentagrophytes . Each  day  for  10  days  (then  every 
other  day  for  20  days),  three  infected  guinea  pigs  were  sacrificed 
and  subjected  to  total  lesion  excision  biopsy.  Examination  of  specimens 
by  all  3 microscopic  methods  supports  the  following  conclusions: 

(1)  germination  of  spores  applied  to  the  stratum  corneum  surface 
is  rare  or  non-existent  in  this  model,  even  though  infection  occurs 
consistently,  (2)  entrance  to  the  stratum  corneum  and  nair  follicle 
seems  to  be  via  the  opening  of  the  hair  follicle,  not  through  surface 
penetration  of  the  intact  stratum  corneum;  and  (3)  the  lowest 
portion  of  the  stratum  corneum  (stratum  lulcum)  is  the  pathway  for 
peripheral  spread  of  the  fungus. 

A new  technique  was  developed  for  scanning  electron  microscopy.  Biopsied 
skin  was  fixed  prior  to  cross-sectioning  with  a razor  blade;  after 
critical  point  drying  and  metal  coating  of  the  specimen,  the  exposed 
cross-sectional  edge  was  examined.  This  technique  revealed  unique 
microvisual  information  about  interactions  of  this  host  and  parasite. 

(1)  Considerable  mechanical  pressure  is  probably  exerted  by  the 
Invading  hyphae,  as  evidenced  by  the  compliant  circular  distortion 
of  the  surrounding  stratum  corneum  laminae,  and  also  by  the  marked 
ridging  of  the  hair  cuticle,  caused  by  hyphae  tunneling  beneath 
it.  (2)  hyphae  proceeding  down  a nair  follicle  do  not  stay  exclusively 
within  tiie  space  surrounding  the  hair  shaft,  or  within  the  follicle 
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wall,  as  proposed  by  two  prior  Investigators;  the  hyphae  can  weave 
In  and  out  of  both  regions.  Open  furrows  produced  by  hyphae  are 
a striking  feature  on  the  surface  of  the  hair  shaft  and  on  the  opposed 
structure  (the  inner  surface  of  the  internal  root  sheath).  (3)  "Cuti- 
cular  lifting"  or  wedging  of  the  hyphae  beneath  the  free  edge  of 
a cuticular  plate  was  observed;  direct  penetration  of  the  cuticular 
plates  was  also  observed.  (4)  Arthrospore  formation  of  hyphae  in 
the  space  between  the  hair  shaft  and  follicle  wall  was  observed;  it 
is  similar  to  the  process  described  at  LAIR  for  hyphae  grown  in 
vitro  under  CO2.  (5)  The  scanning  electron  microscope  permits  one  to 
see  graphically  the  massive  amount  of  fungus  present  in  follicles 
as  compared  to  the  stratum  comeum. 

Preliminary  examinations  by  transmission  electron  microscopy 
revealed  regions  of  keratin  adjacent  to  hyphal  walls  (or  tips)  that 
appear  eroded  and  filled  with  fragmented  fibrillated  material.  The 
appearance  is  consistent  with  an  enzymatic  lytic  process. 

In  other  experiments  with  quantitated  infections,  we  have  established 
that  (compared  to  unmanipulated  skin)  the  number  of  spores  required 
for  infection  decreases  if  infection  is  initiated  with  occlusion 
or  abrasion.  However,  we  have  also  demonstrated  that  continuous 
occlusion  produces  an  abbreviated  infection  compared  to  a short 
period  of  occlusion.  Microscopic  examination  of  alterations  in  host 
or  parasite  that  attend  these  conditions  can  help  to  determine  the 
mechanisms  underlying  the  change  in  spore  infectivity  and  pathogenicity. 

CONCLUSION 

The  experimental  dermatophyte  infection  model  that  we  have  examined 
sequentially  has  shown  a definite  invasion  pattern;  including  subsurface 
germination  and  peripheral  expansion  through  the  lowest  layers  of 
the  stratum  comeum.  Scanning  electron  microscopy  has  yielded  unique 
views  of  interaction  between  a dermatophyte  and  its  host.  Most 
of  these  findings  either  have  not  been  observed  or  have  not  been  reported. 

RECOMMENDATIONS 

Experiments  should  be  conducted  to  examine  microscopically  the  particular 
activity  of  T.  mentagrophytes  in  infections  induced  by  various  periods 
of  occlusion  and  on  abraded  skin. 

PUBLICATIONS 

None 


STUDY  NO.  3 


Immunology  of  fungal  Infection 
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EX-1  A visual  micromethod  for  assay  of 

fungal  growth 

PROBLEM 

Present  techniques  for  assaying  antifungal  agents  are  expensive, 
laborious,  and  require  large  amounts  of  test  agents.  Therefore, 
we  needed  to  develop  a microassay  that  overcame  these  limitations. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


A visual  micromethod  for  measuring  effects  on  germination  and  growth 
of  fungi  was  developed.  With  this  micromethod,  spores  are  suspended 
in  0.2X  agarose.  A 2 pi  droplet  of  this  spore-agarose  suspension 
(containing  600  spores)  Is  placed  in  a well  of  a microtiter  plate. 
Culture  medium  with  or  without  test  agents  is  then  added.  The  spore- 
agarose  droplets  are  viewed  at  18  hours  with  an  Inverted  microscope 
for  evidence  of  germination.  Fungal  growth  is  assayed  at  24  and 
48  hours  by  measuring  hyphal  lengths  or  determining  the  number  of 
squares  occupied  with  hyphae  in  a 100  square  grid  placed  In  the 
microscope  eyepiece. 

The  antifungal  agent,  grlseofulvln,  and  the  fungus.  Trichophyton 
mentagrophytes  were  used  as  the  materials  to  compare  the  micromethod 
with  a standard  assay  based  on  dry  mycelial  weight.  The  micromethod 
was  more  sensitive  than  the  weight  method  In  detecting  the  mini- 
mum inhibitory  concentration  of  grlseofulvln  (0.18  and  0.35  pl/ml, 
respectively).  At  higher  concentrations  of  grlseofulvln  (22.5  pg/ml) , 
the  micromethod  measured  minimal  fungal  growth  that  was  undetectable 
on  a weight  basis.  Direct  visualization  of  organisms  by  the  micro- 
method determined  that  grlseofulvln  does  not  change  the  number  of 
spores  forming  germ  tubes.  Progressively  severe  alterations  in 
fungal  morphology  occurred  as  the  concentration  of  grlseofulvln 
was  increased  from  0.09  to  22.5  pg/ml. 

CONCLUSIONS 


A micromethod,  developed  for  assaying  antifungal  effects  of  test 
agents,  is  sensitive,  and  it  saves  about  80%  of  the  cost  of  other 
antifungal  assays. 

RECOMMENDATIONS 


The  micromethod  is  economical  and  should  be  used  to  assay  soluble 
or  slightly  soluble  antifungal  agents. 

PUBLICATIONS 
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1.  KERBS,  S.,  K.  HUTTON,  and  J.  HOLLISTER.  A visual  micromethod 
for  assay  of  fungal  growth.  Can  J Microbiol  (in  press) 

EX-2  Effect  of  iron-deprivation  on 

fungal  growth 


PROBLEM 

New  topical  antifungal  agents  need  to  be  found  which  will  be  safe 
for  human  use.  There  are  a number  of  iron-chelating  agents  that 
are  now  being  used  in  humans  for  iron-poisoning  and  iron  related 
diseases.  We  investigated  the  usefulness  of  one  iron-chelating 
compound,  deferoxamine  mesylate,  on  its  ability  to  inhibit  fungal 
growth  by  deprivation  of  iron. 

RESULT^  AND  DISCUSSION  OF  RESULTS 

Deferoxamine  mesylate  (Desferal8),  an  iron  chelator,  inhibited  germ 
tube  formation  and  growth  of  Trichophyton  mentagrophytes  in  a microculture 
assay.  A 30%  reduction  of  germination  required  3 mg/ml  deferoxamine 
and  a 30%  reduction  of  growth  required  2 mg/ml.  Iron  (133  yg  ml) 
reversed  the  inhibition  of  growth  produced  by  incubating  spores 
with  3 mg/ml  deferoxamine,  providing  iron  was  added  before  72  hours 
incubation.  Deferoxamine  at  100  mg/ml  decreased  viability  of  activated 
spores  Incubated  for  3 days  at  30  C,  but  did  not  decrease  viability 
of  spores  incubated  for  3 days  at  4 C. 

The  growth  inhibitory  effects  of  deferoxamine  and  transferrin  were 
compared.  Transferrin  was  inhibitory  at  low  molarities  (0.001  to 
0.1  mM),  while  deferoxamine  was  inhibitory  only  at  higher  molarities 
(greater  than  1 mM) . It  (0.03  mM)  also  reversed  the  inhibition 
expected  with  0.05  mM  transferrin. 

CONCLUSIONS 

D 

These  findings  indicate  that  deferoxamine  mesylate  (Desferal  ) and 
transferrin  deprive  T.  mentagrophytes  of  nutritional  iron  which 
results  in  inhibition  of  growth.  Since  low  concentrations  of  Desferal8 
can  also  promote  growth  (in  the  presence  of  transferrin),  it  will 
probably  not  be  suitable  for  preventing  fungal  infections. 

RECOMMENDATIONS 

Deprivinp  fungi  of  nutritional  iron  should  be  investigated  for  its 
potential  usefulness  in  preventing  or  diminishing  fungal  infections 
in  soldiers. 

PUBLICATIONS 
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1.  RKRBS , S.,  R.  HUTTON,  M.  UNCASTER,  and  K.  JESRANI . De- 
ferloxamine  Inhibition  of  Trichophyton  aentagrophy tea . (Abstract) 
Am  Soc  Microbiol  1977.  (New  Orleans,  LA,  8-13  May  1977) 

2.  nERBS.  S.,  R.  HUTTON,  M.  LANCASTER,  and  K.  JESRANI.  Effect 

of  deferoxamine  mesylate  on  £rij:hoj>hyton  mentagrophy tea . Sub- 
mitted for  publication. 

STIDY  NO.  3 Immunology  of  fungal  infection 

LX— 1 A non-occluded  model  for  studying 

dermatophytosis  in  guinea  pigs 

PROBLEM 

Tue  present  technique  for  inducing  fungal  infection  in  guinea  pigs 
is  laborious.  We  needed  to  find  a simplified  reproducible  method. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

A non-occluded  model  for  studying  dermatophytosis  in  guinea  pigs 
was  developed,  'i'uis  model  is  more  economical  in  time  and  money 
than  the  previous  model  which  initiated  infections  with  occlusion. 

The  guinea  pig  does  not  need  to  be  epilated  or  bandaged.  In  the  non- 
occluded  model,  infections  are  initiated  by  placing  1,000,000  spores 
on  13  mm'-’  area  of  the  guinea  pigs'  furry  back.  Standard  size  lesions 
uevelop;  the  lesions  follow  a predictable  course. 

CONCLUSIONS 

Guinea  pigs  can  be  infected  by  placing  1,000,000  spores  on  tuelr 
skin  without  occlusion,  shaving,  or  injury  to  the  skin. 

RECOMMENDATIONS 

Tnls  simplified  technique  should  be  used  as  applicable. 

PUBLICATIONS 

None 

LX-2  hairless  dogs  as  models  for  derma- 

tophyte infections 

PROBLEM 

We  would  like  to  find  an  animal  which  would  have  long-lasting  chronic 
fungal  infections.  This  animal  could  be  used  to  investigate  the 
immunological  response  in  fungal  diseases  and  would  be  particularly 
useful  for  testing  antifungal  agents.  We  investigated  the  potential 


for  developing  chronic  infections  in  Mexican  hairless  dogs  which 
were  raised  at  LAIR. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

In  search  for  a model  for  chronic  dermatophytosls,  we  tested  Mexican 
hairless  dogs  and  compared  their  infections  to  haired  dogs.  Lesions 
of  hairless  vs.  haired  dogs,  although  morphologically  different, 
were  similar  in  development,  size,  and  duration. 

CONCLUSIONS 

hairless  dogs  were  not  chronically  Infected.  The  lesions  in  dogs  are 
longer-lasting  (50  days)  and  allow  more  time  to  discriminate  between 
the  effectiveness  of  antifungal  agents  than  is  allowed  by  the  shorter 
lasting  lesions  we  have  seen  in  guinea  pigs  (14  dsys) . 

RECOMMENDATIONS 


Mexican  hairless  dogs  may  be  useful  in  testing  topical  antifungal 
agents  and  tests  should  continue. 

PUBLICATIONS 

1.  HUTTON,  R.,  and  S,  KERBS.  Experimental  Trichophyton  mentagrophytes 
infection  in  hairless  dogs.  Lab  Animal  Sci  (in  press) . 

EX-3  Immunization  with  trlchophytln 


PROBLEM 

A new  lot  of  fungal  antigen  was  prepared  at  LAIR.  This  lot  was 
tested  in  guinea  pigs  to  determine  if  it  could  confer  immunity  to 
dermatophytosls. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

This  antigen  converted  guinea  pigs  to  positive  skin  test  responses 
upon  (1,  2)  Injections.  However,  although  animals  became  skin  test 
positive  they  did  not  demonstrate  any  Increased  resistance  to  Infection. 
This  antigen  also  did  not  elicit  a cutaneous  basophilic  hypersensitivity 
response  which  could  be  elicited  with  some  of  the  previous  fungal 
antigen  lots. 

CONCLUSIONS 

The  presence  of  a positive  skin  test  response  does  not  always  mean 
the  subject  is  immune  to  infection. 
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RECOMMENUAT IONS 

Each  lot  of  antigen  will  have  to  be  tested  for  Its  imunogeniclty . 
Ideally,  we  would  like  to  have  an  in  vitro  test  for  immunity. 

PUBLICATIONS 

None 

EX-4  Local  immunity 

PROBLEM 

The  basic  question  of  the  type  of  immunity  that  is  induced  by  a 
fungal  infection  needs  to  be  resolved  before  human  studies  are  further 
explored.  There  are  various  reports  on  the  type  of  immunity  that 
exists  after  a primary  infection.  Investigators  have  stated  that 
complete  imnunlty  over  entire  body  exists,  that  complete  immunity 
only  at  original  site  of  infection  exists,  or  that  only  a partial 
immunity  exists  to  reinfection. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

We  investigated  the  degree  of  immunity  produced  with  T.  mentagrophytes 
var.  granulare  ATCC  18748.  Guinea  pigs  were  inoculated  with  fungus 
and  then  reinfected  both  at  the  site  of  the  first  infection  and 
at  a previously  non-lnfected  site.  This  was  done  at  three  time 
intervals,  1)  when  infection  sites  were  still  bald,  2)  when  infection 
sites  had  more  than  normal  amounts  of  hair,  and  3)  when  infection 
sites  appeared  normal.  We  found  that  all  previously  non-lnfected 
sites  developed  secondary  lesions.  Sites  that  were  previously  infected 
did  not  develop  lesions  if  hair  was  absent,  but  did  develop  lesions 
once  hair  tiad  regrown  at  the  site. 

CONCLUSIONS 

Partial  immunity  follows  a primary  fungal  Infection.  The  original 
site  of  infection  is  resistant  to  reinfection  if  that  area  is  still 
hairless,  but  it  is  not  resistant  to  reinfection  if  hair  has  grown 
back. 

RECOMMENUAT IONS 
None 

PUBLICATIONS 

None 
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Immunity  with  normal  or  severe 
infections,  or  with  one  or 
several  reinfections 


PROBLEM 

Humans  and  animals  develop  only  a partial  immunity  to  fungal  infections. 

We  need  to  find  a method  which  will  confer  complete  immunity.  One 

suggestion  for  such  a method  is  to  have  a severe  primary  infection.  I 

Another  suggestion  for  such  a method  is  to  reinfect  animals  several 

times.  Both  methods  were  investigated. 

RESULTS  AND  DISCUSSION  OP  RESULTS 

Tne  degree  of  immunity  Induced  by  a normal  small  infection  was  compared 
to  that  induced  by  a severe  infection.  Guinea  pigs  were  divided 
into  2 groups.  One  group  of  animals  was  inoculated  at  one  site 
1 with  fungal  spores.  The  other  group  was  Inoculated  at  20  sites 

with  spores  so  that  lesions  covered  their  entire  body.  Tne  degree 
of  immunity  produced  was  assessed  by  the  severity  of  secondary  lesions. 

Both  groups  of  animals  had  equally  severe  lesions,  and  therefore 
a small  infection  produced  the  same  degree  of  protection  as  numerous 
infections.  We  also  investigated  the  degree  of  immunity  following 
several  successive  reinfections.  Guinea  pigs  were  infected  with 
fungal  spores,  allowed  to  heal,  and  then  reinfected.  This  was  repeated 
four  times.  Tne  fourth  infection  was  similar  to  the  second  infection 
in  the  degree  of  severity.  Therefore  animals  did  not  develop  Increased 
resistance  by  repeated  Infections. 

CONCLUSIONS 

We  could  not  Induce  complete  immunity  in  guinea  pigs  by  increasing 
the  severity  of  the  primary  infection  nor  by  reinfecting  the  animals 
several  times. 

RECOMME NDATIONS 

Other  methods  will  have  to  be  sought  to  induce  complete  immunity. 

PUBLICATIONS 

None 
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™ - — (u>  Ultraviolet  light;  (U)  Sweat;  (U)  Contact  Dermatitis; 

(U)  Skin;  (U)  Friction;  (U)  Blisters;  (U)  Water  Immersion;  (U)  Miliaria;  (U)  Occlusion 
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23.  (U)  The  objectives  are  to  develop  prophylactic  measures  against  tne  assaults  of 
heat,  humidity,  friction,  pressure,  occlusion,  water  immersion,  sweat,  and  ultraviolet 
light  alone  and  in  combination  on  soldiers’  skin.  Diseases  like  friction  blisters, 
paddy  foot,  prickly  heat  rash,  athlete’s  foot,  Jock  Itch,  skin  infections,  and  sunburn 
result  in  epidemics  among  soldiers  and  cause  high  morbidity,  man-days  lost,  and  inter- 
fere with  performance  of  mission. 

24.  (U)  The  natural  historv  of  the  diseases  will  be  studied.  Promising  prophylactic 
and  therapeutic  measures  will  be  tested  In  the  laboratory  and  the  field. 

25.  (U)  76  10  - 77  09.  Paddy  foot  was  successfully  produced  in  3 of  3 volunteers  in 

74  hours  of  continuous  Immersion  In  the  Sacramento  River  Delta  sloughs,  but  no  paddy 
foot  was  induced  in  2 volunteers  by  80  hours  who  immersed  their  feet  in  distilled  water 
while  housed  In  an  environmental  chamber  reproducing  the  field  water  temperature  condi- 
tions. A survey  was  conducted  at  Ft.  Leonard  Wood,  MO.  (479  recruits,  151  recruit  out- 
patients in  the  troop  podiatry  clinic,  and  301  hospital  charts).  Cross-prevelance  sur- 
veys revealed  that  59  percent  of  recruits  had  at  least  1 blister  (43  had  multiple  blis- 
ters), 400/1000 /year  visited  the  troop  podiatry  clinic,  while  40/1000/year  were  hospi- 
talised for  complications  of  friction  blisters  requiring  3.3  days  of  hospitalisation 
plus  5 days  of  no  physical  training.  Blisters  of  the  posterior  and  lateral  heel  and 
the  anterior  ankle  became  Infected  moat  frequently.  We  estimate  that  blisters  In  re- 
cruits cost  the  armed  services  1.42  million  dollars  per  year. 
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ABSTRACT 


PROJECT  NO.  3M762772A810  Military  Skin  Disease 

l 

WORK  UNIT  NO.  002  Prevention  of  Skin  Disease  Caused  by 

Environmental  Assaults  of  Skin 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Epidemiology  of  friction  blisters  in  soldiers 

STUDY  NO.  4 Water  immersion  effects  of  prolonged  water  exposure 
on  soldiers  skin 

STUDY  NO.  1 The  natural  history  of  epidemiology  of  friction  blisters 
in  recruits  has  been  determined.  This  investigation  was  recently 
completed  at  Fort  Leonard  Wood,  Lackland  Air  Force  Base,  and  the 
Marine  and  Navy  Recruit  Training  Center,  San  Diego.  Studies  were 
performed  on  the  field  during  different  phases  of  basic  combat  training 
(UCT).  Data  were  also  collected  at  podiatry  clinics  and  hospitals. 
Friction  blisters  on  the  posterior,  medical  and  lateral  heel  and 
the  anterior  ankle  cause  the  most  morbidity  and  are  more  likely 
to  become  infected.  A study  designed  to  prevent  friction  blisters 
by  applying  glutaraldehyde  to  these  areas  will  begin  in  March  1978. 

STUDY  NO.  4 Warm-climate  water  immersion  injuries  produce  high 
rates  of  disability  in  soldiers  exposed  for  prolonged  periods  to 
wet  terrain.  An  experimental  model  has  been  developed  for  the  injury 
to  the  sole  of  the  foot.  A more  serious  form  of  injury  (paddy  foot) 
involves  the  top  of  the  foot  and  the  lower  leg.  Little  is  known 
concerning  the  pathogenesis  of  this  type  of  Injury.  Both  injuries 
were  produced  in  three  volunteers  from  our  department  on  a 74-hour 
field  study  in  the  Sacramento  River  Delta,  however,  in  a recent 
study  conducted  in  our  laboratory,  we  failed  to  produce  the  more 
serious  Injury  in  2 volunteers  who  immersed  one  foot  in  water  continuously 
for  80  hours.  This  casts  doubt  on  early  hypothesis  theories  that 
water  immersion  injuries  are  due  solely  to  water  toxicity. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  002  Prevention  of  Skin  Disease  Caused 

by  Environmental  Assaults  on  Skin 

STUDY  NO.  1 Epidemiology  of  friction  blisters 

in  soldiers 

PROBLEM 

Friction  blisters  cause  high  rates  of  disability  in  the  military, 
especially  among  recruits  in  training  and  in  seasoned  troops  suddenly 
mobilized  to  stressful  environments  of  sustained  operations.  In 
1901,  Munson  reviewed  the  impact  of  friction  blisters  on  military 
operations  and  stated  that  blisters  may  rapidly  render  large  numbers 
of  soldiers  unfit  for  service  and  diminish  the  effective  force  at 
the  beginning  of  the  campaign.  As  many  as  25-30%  of  troops  may 
sustain  injury  to  the  feet  during  the  first  few  days  of  forced  marching. 
He  noted  that  at  one  time  30,000  German  soldiers  were  unfit  to  perform 
field  service  due  to  friction  blisters.  Development  of  a prophylaxis 
for  friction  blisters  has  a high  priority  in  the  recently  published 
STOG-78  in  that  blisters  must  be  prevented  early  (DO-15)  to  permit 
greater  strategic  mobility  and  improve  troop  performance  in  the 
stressful  environment  of  sustained  operations. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Cross  prevalence  studies  performed  in  the  field  at  Fort  Leonard  Wood 
revealed  chat  60%  of  479  soldiers  examined  during  basic  combat  training 
(BCT)  had  at  least  one  blister.  Thirty-three  percent  had  2 or  more 
blisters.  The  location  distribution  was:  heel  (34%) , ankle  (10X), 
dorsum  of  foot  (4X),  toes  (51Z),  sole  (13Z).  New  blisters  most 
coimnonly  developed  during  the  third  and  fourth  week  of  training 
when  the  recruits  were  forced  marched  to  the  rifle  range.  Only 
8Z  of  soldiers  with  blisters  in  the  field  reported  to  podiatry  clinic. 
There  are  several  explanations  for  this.  (1)  Toe  and  sole  blisters, 
though  common,  rarely  cause  significant  problems;  and  (2)  roost  recruits 
will  tolerate  moderate  pain  and  even  infection  rather  than  go  to 
foot  sick  call,  since  they  fear  being  recycled  and  leaving  their 
platoon  to  which  they  strongly  identify. 

We  examined  151  soldiers  who  reported  to  the  podiatry  clinic  for 
treatment  of  friction  blisters.  The  location  distribution  of  the 
blisters  in  the  podiatry  clinic  study  was  on  the  heel  (76%),  ankle 
(36%),  dorsum  of  foot  (14%),  toes  (44%),  and  sole  (32%).  Sixty- 
six  percent  had  2 or  more  blisters.  Patients  with  posterior,  medial 
and  lateral  heel,  and  anterior  ankle  blisters  (greater  than  1 cm 
in  size)  most  frequently  presented  to  the  podiatry  clinic.  Pain, 
as  well  as  possible  infection  (39%),  was  a cotranon  chief  complaint. 

The  rate  of  podiatry  clinic  visits  per  year  for  blister  debridement 
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at  Kort  Leonard  Wood  waa  calculated  at  400/ 1000/year.  Ten  percent 
of  recruit*  aeon  at  the  podiatry  clinic  for  friction  blisters  were 
Hospitalized  for  f rlct ion-bl later-related  cellulitis. 

During  an  iB-month  period,  we  examined  the  hospital  records  of  J01 
recruits  admitted  with  a diagnosis  of  foot  cellulitis.  At  least 
90*  of  such  patients  were  directly  related  to  friction  blisters. 

1 Comprehensive  prospective  hospital  studies  are  nearly  completed 

at  Kort  Leonard  Wood,  Lackland  Air  Force  base,  and  the  Marine  and 

havy  Recruit  Training  Center,  San  Diego).  The  median  hospital  stay 

was  J.J  days  (range  of  1 to  26  days)  followed  by  restricted  activity 

tor  an  additional  4 days.  Eighty-five  percent  of  hospitalized  patients 

had  either  neel  or  ankle  blisters.  Sixty-seven  percent  of  hospitalizations 

occurred  prior  to  the  fourth  week  of  training. 

In  addition  to  the  morbidity  caused  by  friction  blisters  in  BCT,  there 
is  considerable  cost  to  the  Department  of  Defense.  At  Fort  Leonard 
Wood  in  1976,  the  cost  of  hospitalization  was  $82  per  recrult/day; 
the  cost  of  outpatient  visits  was  $13/day;  and  the  cost  of  BCT  per 
soldier  was  $J8/day.  Calculations  trade  from  these  data  (based  on 
the  average  strength  figure  of  6,000  soldiers  in  BCT  at  any  one 
time  at  Fort  Leonard  Wood  in  1976),  revealed  that  $142,000  per  year 
were  spent  on  friction  blisters  and  related  cellulitis.  Based  on 
strength  figures  for  the  Army,  Navy,  Air  Force,  and  Marines,  the 
estimated  cost,  in  1976,  to  the  Department  of  Defense  for  friction 
blisters  and  related  cellulitis  was  between  1.5  and  2 million  dollars. 

We  have  unpublished  data  from  our  field  surveys  that  show  the  friction 
blister  problem  is  similar  in  the  Army,  Navy,  Marines  and  Air  Force. 

CONCLUSIONS 

Friction  blisters  and  friction  blister  related  cellulitis  are  a well 
documented  major  military  medical  problem.  These  data  have  made  it 
possible  to  design  prospective  prophylactic  studies.  Glutaraldehyde 
and  other  such  compounds  which  may  reduce  the  Incidence  of  friction 
blisters  in  soldiers  are  used  as  prophylactic  agents. 

RECOMMENDATIONS 

Study  No.  2 entitled,  "Prevention  of  Friction  Blisters  in  Soldiers 
with  Glutaraldehyde"  has  been  submitted  to  the  human  Use  Committee, 

TSG0.  Pending  its  approval,  the  pilot  study  will  begin  in  March 
1978. 

PUBLICATIONS 

1.  MAIBACh,  H.I.,  and  S.D.  PRYSTOWSKY.  Glutaraldehyde  (pentanedial) 
allergic  contact  dermatitis:  Usage  test  on  sole  and  antecubltal 
fossa-regional  variations  in  response.  Arch  Dermatol  113: 

170-171,  1977. 


STUDY  NO.  4 


Water  Immersion  effects  of  prolonged 
water  exposure  on  soldiers  skin 


PROBLEM 


Injuries  to  the  foot  known  as  "warm  water  immersion  foot"  and  "tropical 
immersion  foot"  (paddy  foot)  accounted  for  up  to  50Z  of  the  total 
man-hours  lost  among  troops  operating  in  the  flooded  terrain  of 
the  Mekong  Delta  in  South  Vietnam.  Similar  statistics  were  reported 
in  United  States  troops  fighting  to  retake  the  Philippines.  Additionally, 
a potential  problem  exists  in  the  Arctic  region  and  other  cold  climates 
where  combat  troops  may  be  forced  to  wear  insulated  boots  for  prolonged 
periods.  Waterproof  footwear  retains  sweat  so  that,  in  effect, 
the  foot  is  continuously  immersed  in  warm  water.  No  method  is  known 
for  preventing  these  injuries  short  of  reducing  the  duration  of 
exposure  to  water.  This  has  the  serious  dlssdvantage  of  being 
a major  limiting  factor  in  conducting  ground  combat  operations  in 
wet  terrain.  A convenient  easily  controlled  method  of  experimentally 
inducing  warm  water  immersion  foot  of  the  soles  in  volunteers  has 
recently  been  developed  and  may  prove  useful  in  future  study  of 
this  injury.  However,  no  model  exists  for  the  more  severe,  acute 
form  of  Injury,  tropical  immersion  foot,  although  it  is  possible 
to  produce  this  entity  experimentally  in  the  field. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

A pilot  study  was  performed  in  the  swampy  terrain  of  the  Sacramento 
River  Delta  in  an  area  where  the  Navy  and  Marines  conduct  riverine 
training.  Three  volunteers  spent  74  h walking  in  water  and  mud 
and  sleeping  with  their  feet  in  water.  The  acute  form  of  water 
immersion  Injury  (paddy  foot)  was  produced  in  all  three  volunteers. 

In  a second  pilot  study  two  volunteers  each  Immersed  one  foot  in 
water  continuously  for  BO  hours  in  the  laboratory  environmental 
room.  Water  temperature  was  controlled  by  a circulating  water 
bath  being  the  same  temperatures  experienced  in  the  earlier  field 
study.  While  both  volunteers  developed  the  mild  form  of  injury 
involving  the  sole  of  the  foot,  neither  developed  any  sign  of  the 
more  severe  injury.  The  results  of  this  experiment  cast  consider- 
able doubt  on  early  theories  that  the  pathogenesis  of  these  in- 
juries is  due  entirely  to  water  toxicity. 

CONCLUSIONS 


Warm  water  immersion  foot  and  tropical  immersion  foot  can  occur  in 
California  as  well  as  the  tropics.  The  ease  with  which  these  injuries 
can  be  produced  in  soldiers  operating  in  swampy  terrain  further  emphasizes 
their  Importance  to  the  Army.  Failure  to  produce  tropical  imnersion 
foot  in  volunteers  in  a laboratory  setting  suggests  more  complex 
factors  than  simple  water  toxicity  ik  the  etiology  of  this  entity. 


RECOMMENDATIONS 


Work  should  continue  on  th«  effects  of  prolonged  veter  lamer* Ion 
on  human  skin  because  of  its  military  importance.  Factors  other 
than  simple  water  toxicity  should  be  investigated,  especially  the 
role  of  temperature  and  any  relationship  between  tropical  immer- 
sion foot  and  classical  trench  foot;  chemicals  in  the  water;  bacteria 
and  fungi;  the  role  of  the  boot;  and  the  friction  and  pounding  produced 
by  marching  in  sucking  mud. 
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23.  (U)  The  objectives  are  to  discover  a long-lasting  water  and  abrasion  resistant, 
topical  repellent  formulation  that  will  protect  soldiers  against  malaria-bearing,  mos- 
quitoes and  other  vectors  of  militarily  important  diseases;  to  develop  In  vitro  test 
methods  to  determine  physical  properties  of  repellent  formulations  which  are  tested  in 
the  in  vivo  screening  program;  and  by  correlating  the  in  vitro  and  in  vivo  test  results, 
to  predict  evaporation,  penetration,  and  repellent-skin  interactions  which  will  aid  in 
designing  new  repellents. 

24.  (U)  Repellent  evaluation  is  coordinated  with  the  Department  of  Tropical  Medicine. 
Physical  properties  and  efficacy  of  repellents  and  formulations  will  be  determined  by 
partition  coefficient,  relative  solubility,  volatility,  surface  activity,  and  duration 
on  animals  and  man.  With  the  use  of  a computer  base,  for  statistical  analyses  of  re- 
pellent test  results,  individual  characteristics  which  can  be  enhanced  to  promote  longer 
duration  of  repellent  protection  will  be  determined. 

25.  (U)  76  10  - 77  09.  A formulation  laboratory  is  being  established  and  new  in  vitro 
tests  based  on  thin  layer  and  gas  chromatography  for  solubility  and  partition  coeffi- 
cients are  being  developed  to  evaluate  new  repellent-vehicle  combinations.  Minimum 
effective  dose  and  dry  protection  time  determinations  done  in  the  hairless  dog  for  four 
repellents  yielded  data  comparable  to  analogous  test  results  in  human  volunteers.  A 
field  study  was  conducted  to  compare  three  experimental  repellents  versus  deet  against 
Anopheles  mosquitoes.  In  decreasing  order  of  protection  were  carbamlne,  SRT-6,  sulfona- 
mide, deet. 
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ABSTRACT 


PROJECT  NO.  3M762772A&10  Military  Skin  Dlseaaes 

WORK  UNIT  NO.  003  More  Effective  Topical  Repellents 

Against  Malarla-Bearinp  Mosquitoes 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Mosquito  repellent  data  management  system 

STUDY  NO.  2 The  hairless  dog  as  an  animal  model  for  repellent 
studies 

STUDY  NO.  3 Field  testing  of  repellents  against  Anopheles 
mosquitoes . 

A large  amount  of  repellent  test  data  has  previously  been  stored 
in  a remote  file  management  system.  Study  No.  1 represents  our  efforts 
to  store  these  data  in  the  Statistical  Package  for  Social  Science 
data  management  system.  Tills  system  allows  sophisticated  statistical 
analvsls  to  identify  important  human  factors  in  repellent  efficacy. 
Under  Study  No.  2 we  examined  the  Mexican  hairless  dog  as  an  animal 
model  for  repellent  studies.  The  minimum  effective  dose  and  dry 
protection  time  for  a number  of  repellents  was  determined.  The 
dogs  ranked  repellents  in  similar  order  as  comparable  tests  with 
volunteers.  In  Study  No.  3,  three  experimental  repellents  were 
found  superior  to  deet  in  a small  field  trial  against  Anophelene 
mosquitoes . 
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BODY  OF  REPORT 

WORK  UNIT  NO.  003  More  Effective  Topical  Repellents 

Against  Malaria-Bearing  Mosquitoes 

STUDY  NO.  1 Mosquito  repellent  data  management 

system 

PROBLEM 

A large  amount  of  data  relating  to  the  physical  properties  of  repel- 
lents and  effectiveness  against  mosquitoes  has  been  collected  over 
the  past  seven  years.  These  data  have  been  loaded  into  a Remote  File  Man- 
agement System  (RFMS)  as  described  in  the  1976  Annual  Report.  Although 
this  computer  management  system  can  provide  effective  retrieval, 
the  system  tias  limited  statistical  analysis  options.  These  statistical 
analyses  are  needed  to  identify  exploitable  factors  for  design  of  better 
mosquito  repellents  to  be  used  by  military  personnel  in  training  or 
combat  in  infested  areas. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

In  FY  76,  repellent,  volunteer,  and  test  data  covering  6 years  of 
mosquito  repellent  research  were  coded  into  a computer  storage  system 
known  as  the  Remote  File  Management  System  (RFMS) . Routine  retrievals 
from  this  system  (individual  profiles,  means,  standard  deviations) 
and  data  additions  have  continued  to  the  present.  Although  this 
system  provides  an  excellent  management  system  for  a historical  file 
of  the  data,  its  statistical  capability  is  limited.  Therefore  variables 
in  the  RFMS  have  been  recoded,  linearized,  and  data  are  being  loaded  into 
the  Statistical  Package  for  Social  Science  (SPSS)  system.  This 
system  will  not  only  store  and  allow  retrieval  of  repellent  data 
but  will  also  provide  more  sophisticated  statistical  analysis  of 
the  data  (i.e.  multiple  regression  analysis).  The  value  of  the  SPSS 
system  has  been  extended  by  new  variables  which  nave  been  added 
to  the  system  by  the  Investigators  in  the  Departments  of  Dermatology 
Research  and  Tropical  Medicine. 

CONCLUSIONS 

The  SPSS  will  not  only  provide  a historical  file  for  mosquito  repellent 
data,  but  will  also  provide  sophisticated  statistical  analysis. 

RECOMMENDATIONS 

Off-loading  of  data  from  the  RFMS  system  to  the  SPSS  system  should 
continue.  Additional  data  obtained  in  future  repellent  tests  should 
be  added  to  the  SPSS  management  system.  After  the  SPSS  loading 
is  completed,  multiple  regression  analysis  of  repellent  data  should 
be  done  to  identify  exploitable  factors  for  the  design  of  better 
mosquito  repellents. 
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STUDY  No . 2 


The  hairless  dog  as  an  animal  model 
for  repellent  studies. 


PROBLEM 

In  our  search  for  a more  effective  mosquito  repellent,  we  found  It 
necessary  to  develop  an  animal  model  which  could  be  used  to  screen 
the  duration  of  new  repellents  before  toxicological  studies  are 
done.  The  Mexican  Hairless  dog  was  investigated  for  this  purpose. 

Minimum  effective  dose  and  repellent  dry  protection  times  were  determined 
in  botli  the  dog  and  volunteers  in  analogous  tests  for  various  repellents 
to  assess  the  validity  of  the  model. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


A dry  protection  test  analogous  to  the  standard  4-site  human  test 
for  duration  of  repellents  was  conducted  on  Mexican  hairless  dogs. 

The  repellents  p-deet,  m-deet,  SRI-6,  carbamide,  sulfonamide,  6- 
12,  and  the  Stanford  Research  Compounds  835-9B,  7048-105,  835-17A, 

835-19C,  835-23A  were  tested. 

Two  7x7  cm^  sites  were  drawn  on  both  sides  of  the  dog's  back 
and  known  weights  of  the  repellents  were  applied  with  a 1 cc  syringe 
and  spread  with  a clean  glass  rod.  Testing  began  one  hour  after 
application.  An  adhesive-backed  foam  pad  was  affixed  around  the 
perimeter  of  2 trap  door  openings  of  a twin  compartment  cage  (each 
compartment  is  7.5  x 7.5  x 15  cm  and  contains  50  female  Aedes  aegypti 
mosquitoes).  TVo  of  these  twin  compartment  cages  are  placed  over 
the  4 sites  with  the  foam  pad  touching  the  perimeter  of  the  repellent 
treated  sites.  The  trap  doors  are  opened  simultaneously  for  a 3-min 
time  interval.  If  one  of  the  sites  receives  2 bites  in  one  test 
period  or  2 bites  in  consecutive  test  periods,  the  site  has  failed 
and  the  time  is  recorded  as  the  dry  protection  time.  The  results 
of  the  Dry  Protection  Test  for  duration  in  the  dog  are  as  follows 
(repellent,  duration  in  hours,  dose  in  mg/cm^):  Indalone,  0.9, 

0.32;  carbamide  1.0,  0.32;  dlmethylphthalate,  2.6,  0.32;  2-ethylhexanediol , 
3.3,  0.32;  SRI-6,  4.7,  0.32;  p-deet,  5.2,  0.32;  carbamide  5.5,  0.96; 
m-deet  7.2,  0.32,  sulfonamide,  8.3,  0.32;  835-9B,  0.7,  0.32;  7048- 
105,  1.0,  0.32;  835-17A,  0.9,  0.32;  835-19C,  2.4,  0.32;  835-23A, 

0.6,  0.32;  165-67,  5.0,  0.32.  Comparable  results  for  the  standard 
repellents  were  seen  in  volunteers  as  follows  (repellent,  duration 
in  hours,  dose  in  mg/cm^):  Carbamide,  2.0,  0.32;  2-ethylhexanedlol, 

3.9,  0.32;  SRI-6,  2.4,  0.32;  p-deet,  5.0,  0.32;  m-deet,  5.8,  0.32; 
sulfonamide,  6.9,  032.  (With  sulfonamide  40Z  of  the  applications 
to  dogs  lasted  longer  than  10-13  hours;  25Z  of  the  applications 
of  sulfonamide  to  volunteers  lasted  longer  than  12  h) . In  our  Dry 
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Protection  l'lme  testing  of  the  Mexican  hairless  dogs,  some  repellenta 
had  a much  longer  duration  than  others.  Many  factors  affect  this 
uuration  but  one  that  we  found  was  most  important  was  the  minimum 
effective  dose  (MED).  The  MED  is  defined  as  the  minimum  dose  of 
repellent  required  to  repel  mosquitoes.  A repellent  solution  Is 
applied  at  0.10  mp/cm^  and  is  allowed  to  dry  for  15  minutes.  The 
site  is  then  exposed  to  a mosquito  test  cage  (7.5  x 7.5  x 15.0  cm) 
containing  50  female  Aedes  aegyptl  mosquitoes  for  3 min.  If  the 
site  receives  2 bites,  a 0.15  mg/cm^concentration  of  the  same  repellent 
will  be  applied  to  another  test  site,  allowed  to  dry  and  tested 
again.  Depending  on  the  success  or  failure  of  this  test  a lower 
or  higher  (respectively)  concentration  for  the  repellent  will  be 
tested  in  order  to  bracket  the  MED.  If  the  initial  application 
does  not  receive  2 bites,  a 0.05  mg/cm^repellent  concentration  will 
be  applied  and  tested.  Again,  depending  on  the  success  or  failure 
of  this  test  the  last  2 sites  will  bracket  the  MED.  In  the  dog, 
the  lower  the  MED  or  the  lower  the  concentration  of  repellent  required 
to  repel  mosquitoes,  the  longer  the  duration  (DPT).  The  following 
data  illustrate  this  (repellent,  MED,  OPT):  sulfonamide,  0.024, 

8. 3;  m-deet,  0.07,  7.2;  SRI-6,  0.12,  4.7;  7048-105,  0.18,  1.0;  835- 
1/A,  0.41,  0.94;  835-9b,  0.54,  0.69;  carbamide,  0.61,  1.00. 

CONCLUSIONS 

The  Mexican  hairless  dog  shows  promise  as  a model  for  repellent 
studies  in  the  laboratory.  In  comparable  tests,  the  dop.s  ranked 
repellents  in  the  same  order  as  did  volunteers. 

RECOMMENDATIONS 


Work  should  continue  with  the  Mexican  hairless  dog  to  verify  its  use- 
fulness as  an  animal  model  for  repellent  studies.  Other  species  of 
mosquitoes  should  be  investigated  and  the  results  compared  with  teats 
in  volunteers.  Percutaneous  penetration  studies  with  labeled  compounds 
should  be  done  in  the  dog  and  the  results  compared  with  published 
results  in  man  and  other  species. 


STUDY  NO.  3 Field  testing  of  repellents  against 

Anopheles  mosquitoes 

PROBLEM 

The  presently  available  mosquito  repellent  now  in  use  by  the  military 
(deet)  is  excellent  except  for  the  fact  that  it  washes  off  and  sweats 
off  rapidly  in  hot  humid  environments.  The  Cutaneous  Protection 
Division,  LAIR,  is  trying  to  improve  repellents  by  increasing  the 
length  of  time  one  application  will  protect  a man  against  biting 
by  malaria-bearing  mosquitoes  and  other  disease  carrying  Insects. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 


The  test  method  used  was  the  LAIR  four-site  field  technique,  which 
Involves  the  area  from  the  wrist  to  the  elbow  of  each  forearm  divided 
Into  equal  sections  separated  by  an  adhesive  back  foam  strip  to 
prevent  mixing  of  repellents  via  diffusion  across  the  skin. 

Four  different  repellents.  Including  one  control  (m-deet),  were  applied 
in  known  weight  per  unit  area  to  4 sites  on  each  of  4 Individuals 
at  time  intervals  ranging  from  4 h to  16  h before  the  evening  test 
period.  Tests  were  conducted  over  a 4-day  period.  The  test  subjects 
underwent  mild  excerclse  during  the  day.  The  individuals  were  Chen 
exposed  to  a natural  population  of  Anopheles  mosquitoes  during  the 
early  evening  hours.  The  time  was  recorded  each  time  an  individual 
received  a bite.  When  5 bites  were  received  on  a particular  site, 
the  repellent  on  that  site  was  defined  to  have  failed. 

This  test  was  conducted  in  an  area  bordering  rice  fields  near  Colusa, 
California,  from  29  August  - 1 September  1977.  The  results  of  this 
test  expressed  as  average  hours  of  protection  for  each  repellent 
are  as  follows:  carbamide,  13.6;  SRI-6,  11;  sulfonamide,  9.  The 
control  repellent,  m-deet,  failed  to  protect  3 of  the  4 Individuals 
during  the  4 days  of  testing  even  at  pretreatment  Intervals  as  short 
as  4 h. 

The  species  and  biting  rate  of  mosquitoes  collected  from  untreated 
human  arms  at  Colusa,  California,  during  the  4 days  of  testing  between 
1915  - 2045  h are  as  follows:  Anopheles  f reeboml,  78X,  88  bltes/h, 

Aedes  dorsalis,  42,  5 bites/  h;  Aedes  vexans,  152,  17  bltes/h;  Culex 
tarsalljs,  32,  4 bites/  h.  Biting  rates  are  based  on  the  average 
of  13  (5  min.)  biting  collections. 

CONCLUSIONS 

In  this  field  trial,  carbamide  provided  superior  protection  against 
Anopheles  mosquitoes.  The  2 other  test  repellents,  SRI-6  and  sulfonamide, 
also  provided  better  protection  than  deet. 

RECOMMENDATIONS 


Field  trials  such  as  this  should  be  done  routinely,  since  this  test 
provides  the  closest  approximation  to  actual  repellent  use  conditions. 
Since  many  tests  are  being  examined  In  the  laboratory  to  screen 
repellents,  field  testa  provide  valuble  input  to  insure  their  validity 
during  repellent  development,  l.arge  scale  field  tests  with  these 
promising  new  repellents  should  be  done. 
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23.  (U)  Since  1942,  the  Armv  documents  a rate  of  skin  disease  between  15  and  70X  in 

military  forces.  Even  todav  during  combat  operations  the  skin  is  exposed  to  adverse 
environmental  conditions  (poor  sanitation,  heat,  occlusion),  which  may  profoundly  alter 
biological  characteristics  Increasing  the  susceptibility  of  skin  to  damage  from  infec- 
tion or  trauma  within  2 to  10  days.  Tt  is  the  purpose  of  this  work  unit  to  study  bio- 
chemical and  biophysical  skin  parameters  under  normal  conditions,  to  study  alterations 
of  these  parameters  due  to  adverse  environmental  conditions,  and  to  develop  preventive 
measures  to  reduce  skin  disease  in  military  populations. 


24.  (U)  The  project  will  focus  on  surface  aspects  of  skin  diseases.  Efforts  will  be 

made  (1)  to  develop  or  Improve  biochemical  and  biophvslcal  methods,  (2)  to  apply  the 
methods  to  the  study  of  bacterial  and/or  fungal  infection  and  to  causes  of  casualties 
such  as  trench  foot  or  miliaria  (which  by  themselves  may  not  be  incapacitating  but  mav 
be  predisposed  to  infections  and  other  skin  diseases),  and  (3)  to  apply  the  evolved 
techniques  to  Influence  the  retention  and/or  efficacy  of  Insect  repellents. 


25.  (U)  76  10  - 77  09.  Studies  continued  on  characterising  and  quantitating  inhibitors 

of  fungal  Infection  (Trichophyton  mentagrophytea)  in  skin  lipid  extracts  from  feet. 
Clycerol  levels  were  determined  which  suggest  that  glycerides  constitute  a small  frac- 
tion in  lipids  from  the  feet  unlike  other  akin  areas.  TVo  rapid  methods  (agar  slide 
[method  and  electronic  call  counting  of  suspension  cultures)  have  been  developed  to 
quantitate  germination  of  spores  and  growth  of  hyphae  of  T^  mentagrophvtes . Phase 
microscopic  photography  has  been  standardised  and  computer  programs  developed.  The 
two  methods  have  been  applied  to  quantitate  the  activity  of  lipophilic  inhibitors  on 

T.  mentagrophytea,  151 
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ABSTRACT 

PROJECT  NO.  3M762272A810  Military  Skin  Diseases 

WORK  UNIT  NO.  004  Biochemical  Studies  on  Prevention 

and  Control  of  Skin  Disease  in 
Military  Personnel 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Biological  activity  of  human  skin  lipids  in  re- 
lation to  fungal  disease 


1CX—  1 Development  of  method 

STUDY  NO.  2 Lipid  sampling  from  the  human  skin  surface 

STUDY  NO.  3 Dermatological  problems  of  the  soldier  during 

World  War  II  as  documented  in  confiscated  German 
documents 

STUDY  NO.  lb  Triglyceride  content  of  skin  lipids  in  relation 
to  fungal  infection 

STUDY  NO.  1 Two  screening  methods  were  developed  to  study  the 
growth  and  development  processes  of  Trichophyton  mentagrophy tes 
in  the  presence  or  absence  of  lipophilic  inhibitors.  A new  generalized 
data  base  management  system  was  designed  and  tested  to  allow  rapid 
evaluation  of  size  distributions. 

STUDY  NO.  2 A protocol  has  been  developed  to  study  lipid  sampling 
from  the  unman  akin  surface. 

STUDY  NO.  3 Our  present  evaluations  indicate  that  confiscated 
German  war  documents  will  give  significant  insight  into  dermatological 
problems  of  troops  in  the  European  and  Mediterranean  theaters  during 
World  War  II.  These  evaluations  may  provide  the  necessary  infor- 
mation to  plan  effective  preventive  strategies  for  potential  conflicts 
in  OCONUS. 


STUDY  NO.  16  The  objectives  nave  been  to  develop  a specific  method 
for  quantitation  of  triglyceride  levels  and  to  apply  it  to  skin 
lipid  extracts  from  volunteers  with  and  without  fungal  disease  on 
their  feet.  There  was  no  statistically  significant  difference  in 
triglyceride  levels  observed  between  groups;  triglyceride  levels 
appear  to  be  much  lower  than  those  observed  on  the  forehead  or  back 
and  as  previously  speculated. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  004 


Biochemical  Studies  on  Prevention 

and  Control  of  Skin  Disease  in  Military 

Personnel 


STUDY  NO.  1 


Biological  activity  of  human  skin 
lipids  in  relation  to  fungal  disease 

Development  of  method 


PROBLEM 

Fungal  infection  on  feet  and  legs  reached  epidemic  levels  in  soldiers 
during  the  Vietnam  conflict  and  during  World  War  II.  It  appears 
that  outbreaks  of  the  disease  correlated  with  environmental  factors. 

In  Vietnam  the  epidemic  could  be  controlled  through  use  of  therapeutic 
doses  of  griseofulvin.  However,  according  to  the  older  literature 
this  fungistatic  inhibitor  is  a potential  carcinogen  and  griseofulvin 
thus  may  no  longer  be  available  to  troops.  Previously,  however, 
studies  from  this  department  have  shown  that  volunteers  exposed  to 
the  same  environment  can  be  grouped  into  three  populations:  (a)  those 
that  have  never  had  fungal  disease,  (b)  those  that  had  fungal  disease 
occasionally,  and  (c)  those  that  are  afflicted  chronically  by  the 
fungus.  The  controlling  factors  for  fungal  disease  are  thus  largely 
unknown,  although  it  has  often  been  postulated  that  Inhibitors  or 
promotors  found  in  skin  lipids  play  an  Important  role  in  the  control 
of  fungal  disease. 

The  inhibitory  effect  of  certain  pure  fatty  acids  against  fungi 
grown  in  in  vitro  systems  has  been  known  for  some  time.  However, 
major  technical  difficulties  so  far  have  precluded  effective  testing 
of  large  numbers  of  lipophilic  inhibitors  of  fungal  growth. 

The  control  of  epldesilc  fungal  disease  in  troops  and  the  design  and 
testing  of  new,  preventive  measures  thus  heavily  depends  on  the  develop- 
ment of  new  and  simple  methods  which  can  be  used  to  test  these 

inhibitors . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Two  new  systems  - an  agar  slide  method  and  a shake  culture  method  - 
have  been  developed  to  study  in  vitro  growth  of  Trichophyton  roenta- 
grophytes  in  the  presence  of  llpophylic  inhibitors. 

Agar  slide  method.  In  two  experiments  a measured  number  of  J.  mentagrophy tes 

spores  were  applied  onto  1 mm  thick  agar  slabs  supported  by  microscopic 

slides  which  were  housed  in  a sterile  petrl  dish  assembly.  These 
were  incubated  at  30  C in  a moist  chamber.  Germination  of  spores  was 
observed  with  a Wild  inverted  phase  microscope.  Photographs  were 


taken  with  a Zeiss  camera,  electronic  flash  assembly  and  appropriate 
density  filters.  Growth  of  fungus  was  followed  over  a period  of  7 
to  10  days.  Photographic  procedures  have  been  standardized.  Films 
from  experiments , in  which  4 different  agar  media  and  6 different 
lipophyllc  model  growth  substrates  and  inhibitors  were  used,  are  being 
evaluated. 

Shake  culture  method.  A Coulter  Counter  model  ZB  equipped  with  channel- 
izer,  interface  and  teletype  unit  was  used  to  measure  culture  of 
T.  mentagrophytes.  Spore  counts  and  size  distributions  were  made 
and  recorded  on  paper  tape.  Computer  programs  were  written  to  convert 
spore  counts  in  individual  windows  (volume  classes)  to  relative 
concentration  and  cumulative  frequency.  Programs  were  also  written 
to  have  the  computer  plot  the  window  number  and/or  logarithm  of 
the  window  number  versus  the  cumulative  frequency.  Programs  were 
written  to  have  the  computer  do  a probit-analysis  of  the  data.  All 
subsystems  are  operative  and  the  new  method  yields  rapid  and  highly 
reproducible  results.  Measurements  in  which  the  Coulter  Counter 
Amplification  control  was  varied  allowed  for  the  evaluation  of  particle 
or  mycelia  contamination  in  spore  preparations.  In  conjunction 
with  filtration  and  low  speed  centrifugation  a procedure  has  been 
developed  to  produce  faster,  better  controlled,  and  more  uniform 
spore  preparations.  Using  these  Coulter  Counter  techniques,  we  have 
performed  a number  of  time  studies  in  which  T.  mentagrophytes  was 
cultivated  in  two  different  media  in  the  presence  or  absence  of 
a lipophyllc  inhibitors. 

CONCLUSIONS 

Preliminary  evaluation  of  photographic  negatives  indicates  that 
morphological  and  photogrammetric  evaluation  of  the  agar  slides  will 
be  a powerful  new  tool  to  obtain  detailed  information  on  growth 
inhibitors  of  T.  mentagrophytes.  Computer  aided  evaluations  of 
changes  in  size  distributions  of  fungal  growth  is  also  a new  and 
powerful  tool  for  rapid  evaluation  of  the  efficacy  of  growth  in- 
hibitors . 

RECOMMENDATIONS 


A few  additional  verifications  of  the  new  agar  slide  and  the  Coulter 
Counter  methods  should  be  made.  Thereafter,  the  two  methods  should 
be  used  to  evalute  the  efficacy  of  new  antifungal  agents  and  the 
inhibitory  effect  of  skin-lipid  extracts  from  volunteers  with  and 
without  fungal  disease  of  their  feet. 

PUBLICATIONS 


None 


STUDY  NO.  2 Lipid  stapling  Cron  the  huaan  skin 

surface 

PROBLEM 

Ways  to  prevent  or  alnlaise  the  daaage  that  agents  of  the  natural 
environment  inflict  on  the  soldiers  skin  require  knowledge  of  the 
biochemical  composition  of  the  skin  surface  and  its  biophysical  be- 
havior. Understanding  the  biochemical  composition  requires  collection 
of  biomolecules  such  as  lipids  from  the  skin  surface.  Lipid  samples 
are  obtained  from  human  volunteers  under  this  work  unit  or  in  con- 
junction with  other  work  units  in  the  department.  Experiments  on 
the  collected  samples  are  done  to  test  predetermined  or  retrospectively 
formulated  hypotheses. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Sampling  procedures  have  been  standardized  and  the  necessary  protocol 
to  collect  lipid  samples  from  the  skin  surface  of  human  volunteers 
has  been  developed. 

CONCLUSIONS 

This  is  a new  study  protocol  which  awaits  approval  by  The  Surgeon 
General. 

RECOMMENDATIONS 


The  procedures  should  be  used  to  collect  lipids  in  relation  to  the 
development  of  protective  strategies  against  abrasion,  friction 
blisters,  warm  water  immersion  foot,  and  its  variants  and  infectious 
diseases  of  the  skin  of  soldiers. 

PUBLICATIONS 

None 

STUDY  NO.  3 Dermatological  problems  of  the  soldier 

during  World  War  II  as  documented 
in  confiscated  German  documents 

PROBLEM 

American  records  of  militarily  relevant  dermatological  problems 
during  World  War  II  are  rather  sketchy.  This  is  especially  true 
for  records  with  regard  to  prevention  of  endemic  disease  in  relation 
to  geographical  areas  and  prevention  of  occupational  dermatitis.  In 
contrast,  upon  surrender  of  German  troops,  extensive  data  on  medical 
problems  and  in  particular  dermatological  problems  of  military  forces 
were  recovered  by  U.S.  Intelligence.  Microfilms  of  these  captured 


German  documents  are  housed  In  the  Armed  Forces  Medical  library  In 
Washington,  DC,  but  have  never  been  analyzed. 

It  Is  the  purpose  of  this  study  (a)  to  analyze  German  Army  documentation 
from  World  War  II  with  regard  to  relevance  of  potential  dermatological 
problems  of  the  soldier  and  (b)  to  provide  the  basis  for  planning 
dermatological  counter  measures  In  order  to  maintain  a healthy  force 
structure  in  central  Europe. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Preliminary  screening  of  confiscated  German  documents  (OKH-20  documents) 
has  been  accomplished.  German  notes  to  the  documents  suggest  that  nine 
microfilms  contain  potentially  relevant  information  for  the  Department  of 
Dermatology  Research.  The  microfilms  are  on  order  from  the  National 
Archives  and  Records  Service,  Washington,  DC. 

CONCLUSIONS 

Preliminary  analysis  of  German  military  documents  has  shown  clearly 
that  much  information  will  be  gained  about  hazards  which  the  civilian 
dermatologist  or  the  military  dermatologist  in  times  of  peace  may  not 
likely  see. 

RECOMMENDATIONS 

In  Phase  I microfilms  should  be  read  and  relevant  information  on 
military  dermatological  problems  should  be  recorded,  including  leads 
to  other  relevant  sources.  If  warranted,  an  information  storage 
system  should  be  developed  to  allow  development  of  a data  bank. 

Documents  identified  in  Phase  I should  be  abstracted  in  German  that  will 
be  translated  into  English.  Where  necessary  and/or  pertinent,  more 
extensive  translation  of  documents  should  be  performed  in  order 
to  define  potential  future  dermatological  problems  and  in  order 
to  design  preventive  strategies  effective  against  adverse  environmental 
effects  in  Central  Europe  and  the  Mediterranean. 

PUBLICATIONS 

None 

STUDY  NO.  16  Triglyceride  content  of  skin  lipids 

in  relation  to  fungal  infection 

PROBLEM 

Triglycerides  on  the  skin  surface  are  constantly  exposed  to  esterases 
derived  from  skin,  from  bacteria,  and  possibly  fungi.  Triglycerides 
are  thus  one  of  the  precursors  of  free  fatty  acids,  some  of  which  are 
found  inhibitory  to  Trichophyton  mentagrophy tea . Triglycerides  are 
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syn then  lied  by  sebaceous  glands  or  are  structural  components  of  the 
membrane  systems  of  epidermal  cells.  In  areas  of  the  face  or  back 
triglyceride  levels  have  been  determined  by  nonspecific  methods  and 
range  between  20  and  50Z  of  the  total  lipid  present,  however,  no 
triglyceride  data  are  available  for  the  leg  or  the  foot  even  though 
the  incidence  of  fungal  disease  In  these  areas  of  the  human  body  was 
high  in  Vietnam  and  Europe. 

In  this  study  the  hypothesis  Is  tested  that  volunteers  with  chronic 
fungal  infection  on  their  feet  do  not  have  a higher  concentration  of 
triglycerides  than  volunteers  who  never  had  an  infection.  The  present 
study  provides  a quantitative  evaluation  of  this  hypothesis. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Triglycerides  were  determined  in  skin  lipid  extracts  based  on  our 
modification  of  the  method  of  Bucolo  and  Oavid  (Clin  Chem  19: 

476,  1973).  Enzymatic  hydrolysis  of  the  triglyceride  to  glycerol 
and  free  fatty  acids  was  not  successful  since  a series  of  emulsify- 
ing agents  at  optimal  concentration  inhibited  the  lipases.  Alkaline 
hydrolysis  in  tolunene-ethanol  solution  was,  however,  successful. 

The  glycerol  was  phosphorylated,  with  glycerokinase  and  the  resulting 
ADP  reacted  with  phosphoenolpyruvate  to  yield  pyruvate  which  was 
reacted  with  reduced  nlcotlnamlde-adeninedlnucleotlde  in  the  presence 
of  lactate  dehydrogenase.  The  change  in  absorbance  at  340  mm  was 
recorded  with  a Cary  15  recording  spectrophotometer  and  absorbance 
change  was  found  to  be  proportional  to  the  concentration  of  glycerol. 
Computer  programs  for  efficient  calculation  of  glycerol  concentrations, 
tabulation,  statistical  evaluation,  and  ranking  of  samples,  were 
adapted  from  previous  studies.  Percent  triglyceride  in  our  foot 
lipid  extracts  is  much  lower  than  in  skin  extracts  from  other  parts 
of  the  body.  The  triglyceride  level  for  the  sole  portion  is  somewhat 
higher  than  that  for  the  toe  portion  of  the  foot,  but  the  difference 
is  statistically  not  significant.  This  difference  was  found  in  all 
extracts  of  the  three  groups  of  volunteers,  i.e.  those  who  never  had 
a fungal  infection  (V) , those  who  had  no  active  lesion  (E)  and  those 
who  had  a chronic  infection  (C) . Our  data  indicate  that  there  is 
no  statistically  significant  difference  in  triglyceride  content  per 
area  between  groups  V and  E,  groups  V and  C,  and  groups  E and  C. 

CONCLUSIONS 

Our  measurements  are  the  first  data  where  a specific  method  was 
used  to  determine  the  content  of  triglycerides  on  a human  surface. 

Since  no  artifacts  of  the  method  could  be  detected  it  is  of  signi- 
ficance that  the  triglyceride  level  on  the  plantar  and  dorsal  surface 
of  the  foot  is  much  lower  than  previously  reported  values  from 
the  forehead  or  back.  From  the  results  it  appears  that  fungal 
infection  on  the  foot  has  no  influence  on  the  triglyceride  levels 
of  surface  lipids. 
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kecommendati ons 

lrlglyeoride  determinations  with  the  enzymatic  method  ahould  be 
verified  for  the  foot  and  meanurementa  ahould  be  extended  to  the 
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23.  (U)  The  objectives  are  to  determine  the  tvpe  and  frenuencv  of  potentially  disabling 
skin  diseases  among  soldiers  In  various  environments,  to  conduct  trials  of  potential 
preventive  and  therapeutic  agents  against  the  common,  disabling  dermatoses  that  afflict 
military  personnel,  and  to  develop  or  Improve  methods  of  studying  militarily  relevant 
ekln  diseases  under  field  conditions. 

24.  (V)  The  proportion  of  patients  with  various  diagnoses  Is  being  tabulated  bv  using 
dermatology  clinic  visit  data  from  four  Army  medical  centers.  Epidemiologic  surveys  of 
skin  diseases  In  troop  populations  are  conducted  to  determine  the  effect  of  environment, 
clothing,  and  other  variables  on  the  frequency  and  severity  of  lesions.  New  diagnostic 
techniques  developed  In  the  laboratory  are  tested  in  the  field  to  determine  their  per- 
formance characteristics. 

25.  (U)  76  10  - 77  09.  A large  collaborative  prospective  study  of  1,158  people  was 
performed  to  establish  the  exposure  and  contact  sensitivity  to  nickel,  neomycin,  ethy- 
lenediamlne,  and  benzocalne  In  a general  population  since  soldiers  frequently  are  ex- 
posed to  these  chemicals.  Relationships  between  history  of  exposure  and  reactivity  to 
s standard  patch  test  are  being  analyzed.  Data  from  a 3-year  dermatological  outpatient 
survey  involving  146,395  Initial  visits  and  51,155  followup  visits  are  being  analyzed. 

The  most  common  diagnostic  categories  for  active  duty  personnel  are  acne  vulgaris,  warts, 
^seudofolllculltls  barbae,  seborrheic  dermatitis,  allergic  contact  dermatitis,  moles, 

iry  skin,  tinea  pedis,  dermatitis,  and  epidermal  cysts. 
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ABSTRACT 

PROJECT  NO.  3M762772A810  Military  Skin  Disease 

WORK  UNIT  JO.  00b  Skin  Diseases  Among  Soldiers 

Vue  following  investigations  have  been  conducted  under  this  work  unit; 
STUDY  NO.  1 Skin  diseases  among  soldiers 

STUDY  NO.  10  Contact  sensitivity  to  nickel,  neomycin,  ethy- 
lenedlamlne,  and  benzocaine  in  a general  popu- 
lation; relationships  between  age,  sex,  tilstory 
of  exposure,  and  reactivity  to  standard  patch 
test 

STUDY  NO.  1 A three-year  survey  of  all  outpatient  visit  diagnoses 
at  tour  major  Army  dermatological  training  centers  was  completed 
and  the  data  are  being  analyzed.  There  were  197,350  total  visits 
including.  14t>,395  initial  visits.  Active  duty  military  personnel 
accounted  tor  22,847  initial  visits  (13.6  2) . Tne  10  most  frequent 
uiagnoses  tor  servicemen  were  acne  vulgaris  (13. HZ),  warts  (8.32), 
pseudo lo 1 1 Icul i t is  of  the  beard  (5.32),  uermatophllic  fungal  infections 
of  the  skin  (4.82),  allergic  contact  dermatitis  (4.12),  seborrheic 
dermatitis  (3.92),  no  diagnosis  made  at  time  of  visit  (2.92),  moles 
(2.72),  venereal  diseases  (2.72),  and  dermatitis  of  unknown  etiology 
U.62). 


STUDY  NO.  10  The  prevalence  of  contact  sensitivity  to  nickel,  neo- 
mycin, ethyleuediamine  and  benzocaine  was  determined  in  a general 
population.  A pretested  clinical  questionnaire  was  administered 
in  atanuard  fashion  to  each  volunteer  before  patch  testing.  Standard 
patch  tests  were  administered  to  1158  volunteers.  The  prevalence 
of  positive  patch  tests  was  nickel  (3.72),  neomycin  (1.12),  ethy- 
lencdlamine  (0.432),  and  benzocaine  (0.172).  The  low  prevalence  of 
neomycin  sensitivity  in  the  general  population  does  not  preclude  its 
use  for  the  treatment  of  pyoderma  and  miliaria  in  the  military. 
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BODY  OF  REPORT 

WORK  UNIT  NO.  006  Skin  Diseases  Among  Soldiers 

STUDY  NO.  1 Skin  diseases  among  soldiers 

PROBLEM 

Ninety-five  percent  of  dermatological  patients  are  outpatients. 
Dermatologists  often  do  not  have  complete  information  on  their  out- 
patient workload,  the  amount  of  time  spent  caring  for  each  skin 
disease,  or  an  accurate  measure  of  the  morbidity  produced  by  the 
skin  diseases  they  treat.  Records  frequently  cannot  be  retrieved. 

A computer  supported  dermatological  outpatient  data  system  provides 
additional  information  for  the  physician  and  administrator  on  the 
(1)  outpatient  patient  load,  (2)  diagnostic  and  therapeutic  problems 
encountered,  (i)  need  for  paramedical  personnel  and  their  training, 

(4)  medical  equipment  and  drug  requirements,  and  (5)  dispositions  of 
patients.  Such  information  is  not  available  in  the  medical  literature. 

All  outpatients  attending  the  dermatology  clinics  at  Brooke,  Fitz- 
si irons,  Letterman,  and  Walter  Reed  Army  Medical  Centers  completed 
a outpatient  survey  card  for  each  visit  entering  dermographic  in- 
formation while  the  physician  entered  the  diagnosis,  initial  or 
return  visit,  body  area  involved,  special  procedures,  and  an  estimate 
of  the  time  lost  from  duty  because  of  the  visit  and  the  disease. 

Data  were  collected  for  FY  1973,  1974,  and  1976.  All  cards  were 
returned  to  LAIR  where  they  were  coded,  key  punched,  and  entered 
into  the  computer.  The  information  was  retrieved  at  monthly,  quarterly, 
and  yearly  Intervals.  A printout  consolidating  the  diagnoses  and 
frequency  distribution  for  all  active  duty  personnel  and  all  other 
people  for  initial  and  return  visits  for  all  three  fiscal  years 
has  been  compiled.  Further  analyses  are  being  performed  utilizing 
the  Statistical  Package  for  the  Social  Sciences  (SPSS). 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  following  information  was  received  from  the  U.S.  Army  Health 
Information  Systems  and  Biostatistical  Agency,  Ft.  Sam  Houston, 

TX,  using  the  routine  Army  clinic  visit  statistical  system.  All 
clinic  visits  for  the  three  years  totaled  9,300,780  visits  while 
inpatient  and  outpatient  dermatology  clinic  visits  totaled  244,978 
or  3X  of  all  clinic  visits  with  2,442,516  (26Z)  being  active  duty 
Army  personnel. 

Our  dermatology  outpatient  survey  showed  146,395  initial  outpatient 
visits  and  a total  of  197,550  visits  including  return  visits.  The 
unexpectedly  low  number  of  return  visits  was  checked  by  two  in- 
dependent methods  so  that  we  know  it  is  reasonably  accurate.  The 
discrepancy  between  our  survey's  number  of  visits  and  the  routine 
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A ray  clinic  visit*  statistics  can  be  accounted  for  by  their  including 
inpatient  visits,  visits  for  prescription  refills  only,  or  patients 
not  seeing  a physician.  Undoubtedly,  sow  patients  seen  by  a physician 
failed  to  have  a card  filled  out  in  our  survey  but  the  number  is 
unknown.  Two  spot  checks  showed  that  97Z  of  patients  had  cards 
filled  out.  Active  duty  personnel  accounted  for  22,647  initial 
visits  (15. 6Z)  and  30,723  total  visits.  Since  these  large  teaching 
hospitals  are  referral  centers,  it  is  reasonable  that  the  return 
visits  should  be  lower  than  station  hospital  clinics. 

Table  1 lists  the  moat  frequent  26  diagnoses  (of  660  diagnoses  recorded 
during  the  survey)  for  initial  visits  by  active  duty  personnel  from 
all  military  services.  The  "all  patients"  initial  visits  colunsi 
included  the  active  duty  personnel  visits.  The  relative  rates  observed 
reflect  the  peacetime  Army  in  a temperate  zone.  Our  earlier  reports 
of  our  surveys  from  the  95  Evacuation  Hospital,  DeNang,  Republic 
of  Vietnam,  and  William  Beaumont  General  Hospital,  F.l  Paso,  TX,  showed 
some  variations  due  to  climate,  cultural  environment,  and  occupation 
among  soldiers  (Table  2).  Among  the  first  20  diagnoses  there  was 
agreement  among  11  diagnoses  in  the  three  surveys;  among  the  40 
most  common  diagnoses,  agreement  occurred  in  23.  Miliaria  was  never 
seen  in  El  Paso  while  dry  skin  (asteatosis)  never  occurred  in  Da Nang. 

The  opportunity  to  acquire  chancroid  is  higher  in  the  Far  East  while 
syphilis  lurks  on  our  southern  border.  Acne,  warts,  ringworm  infections, 
ingrown  beard  hairs,  venereal  diseases,  and  allergic  contact  dermatitis 
seem  universally  distributed.  We  are  concerned  about  the  LAIR  survey 
finding  that  precancerous  skin  lesions  occurred  in  1.8Z  of  military 
personnel  and  skin  cancer  occurred  in  1.3Z  of  active  duty  personnel. 

The  Army's  experience  in  World  War  II  and  Vietnam  indicated  that 
dermatophytosls,  pyoderma,  miliaria,  insaerslon  foot  syndromes,  allergic 
contact  dermatitis.  Insect  infestations  and  bites,  warts,  and  over- 
treatment dermatitis  were  common  causes  of  large  man-day  losses. 

Common  causes  for  hospitalization  included  pyoderma.  Infected  eczematold 
dermatitis,  eczema,  cystic  acne,  cellulitis,  urticaria,  and  dermatophytosls. 

Presently,  the  LAIR  research  program  addresses  problems  Involving 
dermatophytosls,  pyoderma,  allergic  contact  dermatitis.  Immersion 
foot  syndromes,  insect  repellents,  and  friction  blisters. 

CONCLUSIONS 


A 3-year,  proportional  rate  survey  of  all  dermatological  outpatient 
visit  diagnoses  at  4 Army  dermatological  training  centers  has  been 
completed  and  data  are  being  tabulated  and  analyzed.  Such  new  information 
is  Important  for  planning,  teaching,  and  management  purposes  such 
as  manpower,  medical  training,  equipment,  and  drug  requirements, 
identifying  diagnostic  and  therapeutic  problems,  and  patient  disposition. 
Hie  skin  problems  for  the  peacetime  Army  in  the  temperate  zone  were 
obtained  but  not  for  training  posts.  Over  30  dermatologists  have 
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TABLE  1 

INITIAL  VISIT  DIAGNOSES 


Active 

Duty 

All 

Patient: 

First 

Z 

First 

N 22 

,847 

N 

146,395 

1. 

Acne  vulgaris,  all 

3147 

13.8 

19831 

13.5 

2. 

Verruca  vulgaris,  warts. 

all 

1943 

8.5 

11937 

8.2 

3. 

Pseudofolliculitis  barbae 

1203 

5.3 

1805 

1.2 

4. 

Dermatophytosis,  fungal 

1087 

4.8 

4537 

3.1 

5. 

Allergic  contact  derma- 

titis 

927 

4.1 

5039 

3.4 

6. 

Seborrheic  dermatitis 

896 

3.9 

6158 

4.2 

7. 

No  diagnosis  made  at 

this  time 

658 

2.9 

3589 

2.5 

8. 

Nevi  (moles) 

625 

2.7 

4988 

3.4 

9. 

Venereal  diseases,  all 

610 

2.7 

2041 

1.4 

10. 

Dermatitis,  unknown 

etiology 

595 

2.6 

4370 

3.0 

11. 

Pyoderma,  staph/strep 

575 

2.5 

2665 

1.8 

12. 

Asteatosis,  dry  skin 

447 

2.0 

3660 

2.5 

13. 

Herpes  simplex,  all 

446 

2.0 

1573 

1.1 

14. 

Precancerous  skin  lesions 

415 

1.8 

8839 

6.0 

15. 

Tinea  versicolor 

378 

1.7 

1283 

0.9 

16. 

Psoriasis 

372 

1.6 

2670 

1.8 

17. 

Dyshidrosis,  pomphylox 

367 

1.6 

2024 

1.4 

18. 

Cyst,  epidermal,  sebaceous 

326 

1.4 

2080 

1.4 

19. 

Atopic  dermatitis 

318 

1.4 

3216 

2.2 

20. 

Skin  cancer,  all 

306 

1.3 

5234 

3.6 

21. 

Primary  Irritant  contact 

dermatitis 

305 

1.3 

1728 

1.2 

22. 

Lichen  simplex  chronicus 

254 

1.1 

1776 

1.2 

23. 

Urticaria 

240 

1.0 

1231 

0.8 

24. 

Seborrheic  keratoses 

236 

1.0 

6385 

4.4 

25. 

Scabies 

231 

1.0 

584 

0.4 

26. 

Pityriasis  rosea 

225 

1.0 

1102 

0.8 

75.0 

75.4 
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TABLE  2 


Diseases  Coded  Active  Duty  Personnel 


El  Paso,  TX* 

DeNang,  RVN* 

U.S.  LAIR  Survey 

1. 

Verruca 

Verruca 

Acne 

2. 

Acne 

Acne 

Verruca 

3. 

Dermatophytosis,  all 

Derma  tophy tosi s , 
all 

Pseudo fol 1 icul i- 
tis  barbae 

4. 

Pseudof oil icul it  is 

Pseudofolliculitis 

Derma tophy tosi s. 

barbae 

barbae 

all 

5. 

Gonococcal  urethritis 

Penile  ulcerative 
disease 

Allergic  contact 
dermatitis 

6. 

Nev  1 

Miliaria 

Seborrheic  derma- 
titis 

7. 

Urethritis,  non-specific 

Pyoderma,  all  types 

No  diagnosis 

8. 

Contact  dermatitis 

Contact  dermatitis 

Nevi 

9. 

Seborrheic  dermatitis 

Urticaria 

Venereal  diseases 

10. 

Urt icaria 

Tinea  versicolor 

Dermatitis,  un- 
known etiology 

11. 

Dyshidrosis 

Alopecia  aerata 

Pyoderma,  all 

12. 

Psoriasis 

Psoriasis 

Asteatosis 

13. 

Cyst,  epidermal 

Atopic  dermatitis 

Herpes  simplex, 
all 

14. 

Tinea  versicolor 

Dyshidrosis 

Precancerous  skin 
lesions 

15. 

Asteatosis 

Cand Idiasis 

Tinea  versicolor 

16. 

Pityriasis  rosea 

No  diagnosis 

Psoriasis 

17. 

Syphilis,  all  types 

Seborrheic  derma- 
titis 

Dyshidrosis 

18. 

Dermatitis,  unknown 
etiology 

Herpes  progentalis 

Cyst,  epidermal 

19. 

Herpes  progentalis 

Molluscum  contagiosa 

Atopic  dermatitis 

20. 

Lichen  simplex  chronicus 

Insect  bites 

Skin  cancer 

TOTAL  77.2 % 

84.0% 

68.60% 

*Source:  Jones,  H.E.,  J.K.  Anton,  C.W.  Lewis,  et  al.  Environmental 
factors  and  skin  diseases.  Milit  Med  141:  237-243,  1976. 


been  Involved  In  collecting  the  data  and  many  are  now  out  aupportlng 
various  poats.  The  proportional  rate  data  will  be  most  helpful 
for  planning  future  short  field  surveys  for  incidence  or  prevalence 
of  skin  diseases  among  soldiers. 


RECOMMENDATIONS 


Further  analysis  of  the  data  base  as  stored  In  the  SPSS  will  Involve 
tabulation  of  proportional  skin  disease  for  sex,  race,  age  groups, 
military  occupational  specialties,  military  status,  body  area,  and 
special  procedures.  Some  diagnostic  codes  will  be  confined.  The 
3 years  of  data  for  each  nospltal  will  be  tabulated  separately.  A 
technical  report  containing  the  tabulations,  special  stuides,  and 
interpretation  is  being  prepared.  Selected  findings  will  be  reported 
in  the  medical  literature. 

PUBLICATIONS 

None 

STUDY  NO.  10  Contact  sensitivity  to  nickel, 

neomycin,  ethylenedlamlne,  and  benzo- 
caine  in  a general  population: 
relationships  between  age,  sex, 
history  of  exposure,  and  reactivity 
to  standard  patch  test 

PROBLEM 

A recent  report  on  the  epidemiology  of  contact  dermatitis  has  been 
widely  quoted  and  misinterpreted  by  many  physicians  and  some  persons 
in  regulatory  agencies.  Some  have  assumed  that  a certain  percent 
of  the  American  adult  population  are  allergic  to  nickel  (111), 
ethylenedlamlne  (7X),  neomycin  (6Z),  and  benzocaine  (5Z). 

Soldiers  may  come  In  contact  with  all  four  of  those  common  antigens. 
Neomycin  probably  reduces  the  Infection  rate  of  minor  skin  injuries 
and  is  widely  used  and  accepted  by  military  physicians.  Impetigo 
and  pyoderma  are  common  military  medical  problems  In  which  neomycin 
may  be  helpful.  Pretreatment  with  neomycin  appears  to  prevent  the 
development  of  miliaria  rubra.  Miliaria  and  post  millarial  hypohidrosis 
are  well  documented  common  causes  of  military  disability.  This  study 
was  designed  primarily  to  determine  the  true  prevalence  of  neomycin 
sensitivity  In  the  general  population  since  a high  level  of  aensltlvity 
may  preclude  the  common  use  of  neomycin  by  military  physicians. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

A pretested  clinical  questionnaire  was  administered  In  standard 
fashion  to  each  volunteer  prior  to  patch  testing.  The  prevalence 


of  contact  sensitivity  to  standard  patch  tests  in  1158  volunteers 
was  nickel  (5.7Z),  neomycin  (1.1X),  ethylenedlamlne  (0.43Z),  and 
benzocaine  (0.17Z).  All  12  neomycin  positive  volunteers  were 
reactive  on  three  separate  occasions.  Nine  of  12  had  positive 
use  tests  to  neosporin  cream  or  ointment.  Ten  of  12  neomycin  positive 
volunteers  gave  a past  history  of  using  a neomycin  containing  topical 
antibiotic  on  a rash  for  one  week  or  longer.  A retrospective  neomycin 
case  control  study  matching  each  neomycin  positive  with  three  control 
subjects  matched  for  age,  race,  and  sex  revealed  only  6 of  36  controls 
with  a similar  positive  history  of  neomycin  use.  (x2»14.4,  p>.001). 
The  relative  risk  of  neomycin  sensitivity  increases  thirteen-fold 
if  it  was  previously  used  on  a rash  for  1 week  or  longer. 


There  was  a marked  difference  in  nickel  sensitivity  between  men 
(1.1Z)  and  women  (9X).  A history  of  pierced  ears,  earlobe  rash, 
and  Jewelry  rash  all  correlated  well  with  nickel  sensitivity.  Thirty- 
five  of  67  women  (52Z)  were  "nickel  positive"  who  answered  yes  to 
the  above  three  risk  factors  while  only  2 of  164  (1.2Z)  women  had 
a positive  nickel  patch  test  who  answered  no  to  the  same  three  risk 
factors  (relative  risk  » 43).  The  relative  risks  for  a positive 
nickel  patch  teat  in  women  when  history  positives  are  compared  to 
history  negatives  are  jewelry  rash  (4.8X),  ear  lobe  rash  (7.3X), 
and  pierced  ears  (4.6X). 

CONCLUSIONS 

The  prevalence  of  neomycin  patch  test  sensitivity  in  the  general 
population  was  determined  to  be  1.1Z.  This  low  prevalence  of  sensitivity 
does  not  preclude  the  use  of  neomycin  containing  topical  antibiotics. 

The  twelve  sensitive  patients  experienced  erythema  and  pruritus  1 to  4 
days  after  neosporin  use.  The  pruritus  disappeared  in  2 to  3 days  after 
they  uaed  topical  steroid  therapy.  Thus,  a sensitive  patient  experiences 
a little  discomfort  for  only  a few  days. 

RECOMMENDATIONS 

The  risk  of  contact  sensitivity  is  extremely  small  when  neomycin 
containing  antibiotics  are  used  as  indicated. 


PUBLICATIONS 


168 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


««*o«r  com  not.  irvaot 

r>l>  »Mkb  {AK  >6  J6 


■ ■•'[■inw  j niTu.jii'1  iMBicinniiiiinimui imrTjnT  itil'iu u'ttiithijm.hi' 


TA»A  AR(A  NuMlIR 


•ORA  UNIT  UilMMR 


010 


3M762772A810 


Irrrrr 


62772A 


CARDS  114  f 


I VI T L i •'*  »••“'***  rXMtWmw  C 

( U>  MlcroblMl  Interactions  on  Healthy  and  Infected  Skin  of  Soldiers 


It  S06NVl*IC  ANO  UCAMOl  Ot»l*.Al  AN6AS* 

010100  - Microbiology.  003500  - Clinical  Medicine 

\t  luir  AM-  * 1»S  • UN  04  M G AOKNC  V TT* 


AAY  PAM 

75  0A 


••  mtNFONMANCC  MCTnOD 

C . In-Uouee 


IT  CONTRACT  4RART 

16  NCSOUNCCt  CS TIMA  T( 

a mmor cisiOM al  man  yns 

k F UN  06  ff»  MtewaamNej 

fc  NUMMI  R * 

g amine  y ion 

fiscal  77 

2.2 

61 

• Not  Applicable 

4 amount 

....  YUMIWT 

Sk  NINO  O*  ••  • NO 

f.  CUM.  AMT 

78 

2.2 

9h 

|«S  RllgONUMLE  OOO  OR(i»NU*T'ON  j j 

10  mtNRONIMNG  ONCANIIA’ 

TION  | 

1 

• Letterman  Army  Institute  of  Research 
AOORtSi  * Presidio  of  San  Francisco,  CA  9A129 

RltROMtltlf  IAOIVIPUAl 

MAMA  Canhaa,  J.E.f  COL,  MC 

miRHOMi  (415)  561-3600 

l»  UlMtftAL  USt 

Foreign  Intelligence  Not  Applicable 


...i*  Letter® an  Army  Institute  of  Research 
Cutaneous  Infection  Division 
*D0"“TJepart»ent  of  Dermatology  Research 
Preaidlo  of  San  Francisco,  CA  94129 

«*NINC»«»AS.  WVtlHiATOA  (Fwmls*  MAN  *»  V S 4<«NaK  r*e<l«wtt«U 

««.«•  Keith,  William  Jr.,  CPT,  MS 
-U.-.O..  (415)  561-5455 

SOCIAL  SICURITY  ACCOUNT  NUNMR 


ASSOC*  A Y ( INVISTI0ATOMS 
NAMl 


POC:  DA 


S technical  OOitCTlVC.*  tA  APPROACH,  14  PROCRIM  (RwsmlsA  ImMWA*'  nmrejram**  JNsoKlletf  Mr  "f  Mae  JHecaA*  leaf  el  each  «H*  Se««w*N  C**e»l»cet»«M  C*N*  ) 

23.  (U)  One  objective  is  to  study  bacterial  skin  infections  (pyoderma-a  disease  that 
can  occur  in  epidemic  proportions  among  combat  personnel)  vlth  the  use  of  animal  models 
in  an  effort  to  develop  prophylactic  measures  against  pyoderma  which  are  presently  not 
available.  The  role  of  normal  cutaneous  flora  in  host  resistance  sgalnst  microbes 
causing  epidemic  skin  infections  in  soldiers  will  be  investigated.  Characteristics  of 
the  skin  and  its  environment  which  affects  Its  susceptibility  to  these  microorganisms 
will  be  studied. 

24.  (U)  Bacteria  isolated  from  active  lesions  will  be  used  in  these  studies.  Animal 
models  will  be  developed  to  determine  the  pathogenesis,  prevention,  and  prophylaxis  of 
pyoderma.  By  Identifying  and  quantitating  normal  cutaneous  microorganisms  on  healthy 
and  Infected  skin  of  soldiers,  topical  bacterloprophylactlc  measures  will  be  developed 
to  augment  natural  resistance. 

25.  (U)  76  10  - 77  09.  With  the  arrival  of  a new  investigator,  the  major  effort  has 
been  to  develop  protocols:  a "Type  Protocol"  to  sample  the  skin  flora  of  volunteers, 
a study  protocol  to  examine  bacterloprophylaxls  and  bacterlotherapy , and  another  study 
protocol  in  which  animal  models  are  used  to  Investigate  streptococcal  and  staphylococcal 
pyoderma  await  approval.  The  microflora  of  the  foot  before  and  after  Immersion  in 
swamp  water  was  determined,  and  the  predominant  bacteria  isolated  after  Immersion  were 
gram  negative  cocci.  A bacitracin  negative  mutant  of  Bacillus  llchenlformls  ATCC  10716 

as  Isolated,  and  in  vitro  it  inhibited  various  skin  staphylococci  and  a diphtheroid. 
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ABSTRACT 

PROJECT  NO.  3M762772A810  Military  Skin  Diseases 

WORK  UNIT  NO.  010  Microbial  Interactions  on  Healthy  and 

Infected  Skin  of  Soldiers 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Sampling  of  microorganisms  from  human  skin 

STUDY  NO.  2 The  survival  of  bacilli,  streptomyces , and  other 
bacteria  upon  human  skin 

STUDY  NO.  3 Animal  models  for  studying  the  pathogenic  mechanisms 
of  bacterial  pyodermas 

STUDY  NO.  1 A pilot  study  was  done  to  determine  the  extent,  if 

any,  of  the  participation  of  cutaneous  microflora  in  warm  water 

immersion  foot,  a disease  which  severely  affects  the  mobility  of 

combat  foot  soldiers.  Bacteriological  specimens  were  taken  before 

and  after  each  volunteer  was  subjected  to  experimental  prolonged 

water  immersion  for  74  hours.  Results  Indicated  that  Che  colony- 

formlng-unlts  of  bacteria  per  square  centimeter  did  not  change 

significantly;  however,  the  microflora  which  was  gram  positive 

before  the  experiment  was  gram  negative  afterwards.  Vesicle  fluid 

was  generally  found  to  be  sterile.  Cutaneous  microflora  may  not 

play  a dominant  role  in  this  disease,  but  the  evidence  remains  equivocal. 


STUDY  NO.  2 To  examine  the  role  of  antibiosis  in  microbial  colonization 
of  the  skin,  a nitrosoguanidine-derlved  antibiotic  negative  mutant 
of  bacitracin-producing  Bacillus  licheniformls  ATCC  10716  was  allow 
to  interact  in  vitro  by  using  the  EcoloGen  with  Micrococcus  luteus. 
Staphylococcus  epldermldls.  Staphylococcus  saprophytlcus  and  a diphtheroid. 
The  result  was  that  these  microorganisms  were  somewhat  retarded  in 
growth  but  to  a lesser  degree  than  that  found  with  the  parent  ATCC 
10716. 


STUDY  NO.  3 To  investigate  pyoderma,  a disease  that  occurs  in 
epidemic  proportions  among  combat  soldiers,  a study  protocol  has 
been  developed  and  is  awaiting  approval.  With  the  use  of  bacteria 
isolated  from  active  lesions,  animal  models  will  be  developed  to 
determine  the  pathogenesis,  prevention,  and  prophylaxis  of  pyoderma. 
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BODY  OF  REPORT 


WORK  UNIT  NO,  010  Microbial  Interactions  on  Healthy  and 

Infected  Skin  of  Soldiers 

STUDY  NO,  1 Sampling  of  microorganisms  from  human 

skin 

PROBLEM 


Immersion  foot  is  a disease  which  dermatologists  have  observed  in 
combat  soldiers.  In  support  of  a field  study  lasting  74  h which 
was  being  conducted,  we  took  bacteriological  specimens  before  the 
experiment  was  Initiated  and  after  the  experiment  was  terminated 
to  determine  the  extent  that  the  microflora  played  in  inducing 
immersion  foot. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  "before  specimens"  on  cultivation  grew  predominantly  gram  positive 

cocci  and  diphtheroids.  A dermatophyte  was  initially  cultured  from 

one  volunteer  while  none  was  cultured  after  the  experiment.  Although 

a higher  bacterial  density  was  found  after  the  experiment,  the  difference 

observed  was  not  significant.  Small  vesicles  were  observed  on  all 

three  volunteers'  ankles  and  lower  legs;  cultures  of  the  fluid  from 

some  of  these  vesicles  were  sterile.  One  of  the  volunteers  had 

a small  pustule  which,  on  culturing,  grew  a coagulase  positive  Staphylococcus 

aureus.  Most  of  the  bacteria  isolated  after  the  experiment  were 

gram  negative  cocci.  It  appears  that  the  source  of  these  bacteria 

was  the  water  outdoors  in  which  the  volunteers  were  immersed  to 

induce  immersion  foot. 

CONCLUSIONS 


Although  a cause-effect  relationship  regarding  the  role  of  cutaneous 
microflora  in  water  and  water  immersion  foot  was  not  established, 
the  evidence  we  have  collected  does  not  discount  the  possibility  that 
bacteria  play  a role  in  this  disease.  We  wish  to  state  at  this  time  that 
the  evidence  we  have  collected  is  insufficient  to  document  the  implication. 

RECOMMENDATIONS 


Future  studies  are  needed  to  determine  the  role  v f selected  cutaneous 
pathogens  on  water  immersion  foot. 

PUBLICATIONS 

None 
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STUDY  NO.  2 Microbial  ecology  of  baccerloprophylaxls 

and  bacteriotherapy 

PROBLEM 

One  major  attribute  for  a candidate  bacterioprophy lactic  or  bacterio- 
therapeutic  agent  is  the  ability  to  survive  and  grow  on  the  skin 
temporarily  yet  for  a sufficient  duration  to  be  effective  against 
pathogenic  streptococci  and  staphylococci  colonizing  a soldier's 
skin.  Although  we  previously  observed  that  a bacitracin-producing 
Bacillus  survived  much  better  than  two  strains  of  the  species  which 
lack  antibiotics,  the  results  might  have  been  due  to  factors  other 
than  antibiotic  production.  Thus,  the  first  task  was  to  find  two 
closely  related  strains  of  a bacterium  of  which  only  one  was  able 
to  synthesize  an  antibiotic. 

RESULTS _AND  DISCUSSION  OF  RESULTS 

With  n-methyl-n' -nitro-n-nitrosoguanidine  as  the  mutagenic  agent,  a 
bacitracin-negative  isolate  of  Bacillus  lichenlf ormls  ATCC  10716  was 
obtained.  Within  the  EcoloGen  multiple-chambered  diffusion  vessel, 
used  for  batch  cultures,  the  mutant  (10716-M)  interacted  with  represen- 
tative skin  isolates  of  Staphylococcus  epidermidis , Staphylococcus 
saprophytlcus,  Micrococcus  luteus,  and  a diphtheroid.  Compared  with 
our  previous  data,  10716-M  seemed  to  retard  somewhat  the  growth 
of  the  cocci  and  diphtheroid  but,  after  32  hours  of  incubation,  it  re- 
tarded it  to  a lesser  depree  than  that  observed  with  its  parent 
ATCC  10716. 

CONCLUSIONS 

Strain  10716-M,  although  lacking  bacitracin,  still  has  a small  antagonistic 
effect  against  skin  flora  when  tested  in  broth  culture. 

RECOMMENDATIONS 

Tne  survival  kinetics  of  10716-M  on  the  skin  of  volunteers  should  be  ex- 
amined and  the  results  should  be  compared  with  the  previous  data 
using  ATCC  10716.  This  will  help  determine  whether  or  not  antibiosis 
is  important  in  the  survival  of  skin-borne  microorganisms. 

PUBLICATIONS 

None 

STUDY  NO.  3 Animal  models  for  studying  the 

pathogenic  mechanism  of  bacterial 
pyodermas 
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PROBLEM 


Bacterial  skin  infections  are  of  military  interest  because  they 
occur  in  epidemic  proportion  among  combat  personnel  and  thereby  re- 
duce combat  effectiveness.  The  exact  extent  of  the  coafcat  man-days  lost 
from  pyode-ma  Is  unknown  due  to  the  unavailability  of  records;  however, 
in  one  survey  182  of  the  soldiers  fighting  in  the  paddles  in  the 
Mekong  Delta  of  Vietnam  were  infected.  Since  there  is  no  currently 
acceptable  preventive  measure  against  streptococcal-staphylococcal 
skin  disease  of  combat  soldiers,  a protocol  has  been  developed  to 
study  bacterial  skin  infection  (pyoderma)  by  using  animal  models. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Strains  of  Croup  A beta  hemolytic  streptococci  which  were  isolated 
from  active  pyoderma  lesions  of  combat  soldiers  have  been  collected 
and  subjected  to  preliminary  characterization  tests.  These  strains 
will  be  tested  for  their  ability  to  cause  pyoderma  lesions  on  the 
skin  of  guinea  pigs,  hamsters,  Mexican  hairless  dogs,  albino  rats, 
laboratory  mice,  and  rabbits. 

CONCLUSIONS 


These  strains  of  Croup  A beta  hemolytic  streptococci  will  be  tested 
in  animals  on  approval  of  this  study  protocol. 

RECOMMENDATIONS 


A standard  animal  model  must  be  developed  for  bacterial  skin  Infections, 
pyodermas,  to  be  used  for  developing  prophylaxlc  measures  which  are 
presently  unavailable. 

PUBLICATIONS 
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23.  (U)  The  objective  is  to  develop  improved  insect  repellents  for  use  by  military  per- 
sonnel in  areas  or  operational  situations  where  effective  disease  vector  control  measures 
are  impractical.  Effective  and  long-lasting  repellents  are  essential  to  insure  combat 
effectiveness  of  units  exposed  to  vector-borne  diseases. 

24.  (U)  Selected  major  disease  vectors  will  be  colonized;  appropriate  testing  procedures 
will  be  developed;  compounds  and  formulations  will  be  screened  and  evaluated  on  a syste- 
matic basis  in  the  laboratory  and  in  the  field;  basic  and  related  studies  will  be  conduc- 
ted concurrently. 

25.  (U)  76  10  - 77  09  Eleven  vector  species  of  mosquitoes,  sand  flies,  fleas,  and  ticks 
were  reared  for  repellent  testing.  New  methodology  was  developed  for  quantitative  eval- 
uation of  mosquito,  flea  and  tick  repellents  in  in  vitro,  animal,  and  human  test  systems. 
Candidate  repellents  synthesized  by  Stanford  Research  Institute,  Inc.,  were  screened  for 
repellency  to  mosquitoes  in  the  laboratory  and  for  effectiveness  against  mosquitoes  in 
the  field.  Inbreeding  effects  on  the  response  of  mosquitoes  to  repellents  were  studied. 
Chemosensory  organs  on  mosquitoes  and  sand  flies  were  studied  with  light  and  electron 
microscopy.  New  types  of  receptors  were  discovered  on  the  Aedes  aegypt 1 tarsi  and  sand 
fly  antennae. 
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ABSTRACT 

Military  Skin  Disease 


Development  of  Improved  Insect 
Repellents  for  Military  Use 


STUDY  NO.  2 Genetic  aspects  of  mosquito  repel lency 


military  use 


Development  of  duration  testing  methods  for 
mosquito  repellents 


5 Studies  of  repellent  receptors  in  disease  vectors 


STUDY  NOS.  1,  2,  3,  4,  and  5.  Eleven  species  of  mosquitoes,  sand 
flies,  fleas  and  ticks  were  reared  for  repellent  testing.  New 
methodology  was  developed  for  quantitative  evaluation  of  mosquito, 
flea  and  tick  repellents  in  in  vitro,  animal,  and  human  test  systems, 
Selected  conventional  repellents  were  tested  against  fleas  and  ticks. 
A number  of  candidate  compounds  obtained  from  Stanford  Research 
Institute  and  the  U.  S.  Department  of  Agriculture  were  screened  for 
repel lency  to  mosquitoes.  Inbreeding  effects  on  the  responses  of 
mosquitoes  to  repellents  were  determined,  and  cross-tolerances 
of  Inbred  mosquitoes  to  different  repellents  were  studied. 
Chemosensory  organs  of  mosquitoes  and  sand  flies  were  studied 
by  light  and  electron  microscopy.  New  types  of  receptors  were 
discovered  on  the  tarsi  of  Aedes  aegypt 1 and  the  antennae  of 
sand  flies. 
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WORK  UNIT  NO.  015  Development  of  Improved  Insect 

Repellents  for  Military  Use 

STUDY  NO.  I Colonization  of  selected 

insect  vectors  of  disease 

PROBLEM 

Laboratory  investigations  for  developing  improved  repellents  against 
militarily  significant  disease  vectors  depend  on  the  availability 
of  an  adequate  stock  of  representative  insect  species  for  experimental 
use.  Laboratory  colonies  provide  an  economical  in-house  resource 
for  repellent  bioassay  in  lieu  of  travel  to  distant  geographical 
regions  where  important  species  are  known  to  occur.  This  study 
encompasses  research  relating  to  developing  methods  for  the  laboratory 
production  of  experimental  insects  required  for  the  repellent 
development  program.  Emphasis  is  on  the  development  of  practical, 
efficient  methods  for  mass-producing  selected,  representative 
species  which  have  military  medical  importance. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Several  species  of  mosquitoes  were  maintained  throughout  the  year  and 
reared  in  large  numbers  sufficient  for  the  support  of  repellent 
studies.  These  species  included  known  vectors  of  malaria,  viral 
encephalitis,  dengue,  yellow  fever,  and  filariasls  as  well  as  major 
pest  species.  The  colonies  continue  to  represent  the  most  diversified 
collection  of  mosquito  species  of  medical  importance  available  for 
repellent  testing  in  any  laboratory.  Substantial  improvements  have 
been  made  in  the  rearing  of  mosquito  colonies  which  contributed  to 
enhanced  productivity  and  ease  of  handling.  A new  larval  feeding 
regimen  was  introduced  and  adopted  for  routine  use  for  the 
malathion-resistant  strain  of  Anopheles  quadr imaculat us  . It  involved 
feeding  early  instar  larvae  with  an  infusion  of  1:1  liver  extract 
and  brewer's  yeast  for  the  first  2 days  to  be  followed  by  a 1:1 
mixture  of  40%  hog  supplement  and  floating  catfish  chow.  This 
diet  helped  improve  larval  development  and  survival. 

Special  devices  were  fabricated  for  restraint  of  animals  being  used 
for  blood  feeding  adult  mosquitoes.  A simple  wooden  rabbit 
restrainer  helped  position  the  animal  on  top  of  the  mosquito  cage. 

The  device,  therefore,  permitted  the  personnel  to  attend  to  other 
tasks  in  the  meantime. 

Efforts  to  design  an  in  vitro  bloodfeeding  system  suitable  for  use 
in  the  LAIR  insectary  continued.  The  first  apparatus  did  not 
prove  satisfactory.  A much  simpler  substitute  feeder  system  has 
been  designed  and  Is  currently  under  test.  If  it  proves  to  be 
satisfactory,  this  new  system  will  be  adopted  for  routine  use  in  lieu 
of  animal  donors. 
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A colony  of  the  hard  tick  Dermacentor  varlabllls  (Say)  , a major 
vector  of  Rocky  Mountain  spotted  fever  and  tularemia,  was  successfully 
mass  reared.  Also,  two  new  colonies  of  soft  ticks,  Ornl thodoros 
he rmsi  Wheeler,  Hermes  and  Meyer  and  Orni thodoros  parkerl  Cooley  were 
initiated.  These  two  species  are  vectors  of  relapsing  fever.  The 
acquisition  of  these  ticks  constitutes  a significant  addition  to 
the  species  of  vectors  available  for  use  in  the  repellent  testing 
program. 

A colony  of  the  flea  Dlamanus  montanus  Baker,  which  is  a known  vector 
of  sylvatic  plague,  was  successfully  mass  reared  for  use  in  repellent 
tests.  Rearing  techniques  were  improved  by  using  ground  corn  cob  in 
lieu  of  filter  paper  as  a substrate  In  plastic  jars.  The  colony  of 
Hoplopsyl lus  anomalus  Baker  initiated  at  the  same  time  was  lost  due 
to  an  incubator  failure. 

The  colony  of  the  phlebotomine  sand  fly,  Lutzomyla  longipalpis  (Lutz 
and  Neiva),  a major  vector  of  leishmaniasis  in  South  America,  has  been 
sucessfully  maintained  since  its  initiation  in  May  1975.  Because  of 
their  relatively  narrow  tolerances,  low  fecundity  and  long  life  cycle, 
the  phlebotomine  sand  flies  are  among  the  most  difficult  to  rear 
in  large  numbers  in  the  laboratory.  A major  advance  in  sand  fly 
rearing  techniques  was  the  development  of  small  (15x17x17  cm)  solid 
plexiglass  cages.  These  cages  help  retain  the  proper  level  of 
humidity,  minimize  escape,  and  improve  the  handler's  ability  to  see  the 
flies. 

CONCLUSIONS 

A large  battery  of  test  species  was  successfully  maintained  or  mass 
reared  for  use  in  repellent  research.  Significant  advances  were  made 
in  laboratory  production  methods  for  mosquitoes,  ticks,  fleas,  and 
sand  flies. 

RECOMMENDATIONS 

Research  on  insect  rearing  methods  should  be  continued  with  emphasis 
on  economy  of  operation  and  requirements  for  the  repellent  program. 
Because  of  the  military  significance  of  certain  species  of  mosquitoes, 
emphasis  should  be  placed  on  improving  mosquito  rearing  techniques. 

The  sand  fly  rearing  methods  should  be  improved  further. 

PUBLICATIONS 

RUTLEDGE,  L.  C. , R.  K.  SOFIELD,  and  G.  N.  PIPER.  Rapid  counting  methods 
for  mosquito  larvae.  Mosq  News  36s  537-540,  1976. 
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STUDY  NO.  2 Genetic  aspects  of  mosquito 

repellency 

PROBLEM 

The  USAMRDC  supports  an  extensive  program  of  research  on  chemical 
repellents  for  the  protection  of  military  personnel  from  mosquito- 
borne  diseases.  Investigators  evaluating  candidate  repellents 
frequently  have  reported  disparate  or  conflicting  results.  It 
is  believed  that  genetic  factors  relating  to  the  test  mosquitoes 
may  account,  in  part,  for  those  discrepancies.  The  present  study 
provides  for  a quantitative  assessment  of  the  relative  importance 
ol  environmental  and  genetic  factors  in  determining  the  responses 
of  mosquitoes  to  repellents  and  for  the  development  of  genetically 
homogeneous  strains  of  the  yellow  fever  mosquito,  Aedes  aegvpt i 
(Linnaeus)  for  evaluation  as  standardized  repellent  test  strains. 

RESULTS  AND  DISCUSSION  OF  RKSULTS 

Five  Inbred  strains  of  Aedes  aegypt i derived  earlier  in  the  study  from 
the  MASAKA  (diethyl  to  1 uam i de-sens i t ive)  and  MDYO  INDOOR  (diethyl 
toluamide-tolerant)  strains  were  tested  to  determine  the  effects 
of  inbreeding  on  the  sensitivity  of  the  daughter  strains  to  diethyl 
toluamide  (deet).  The  results  of  these  tests  indicated  that  inbreeding 
substantially  reduced  the  level  of  tolerance  to  deet  in  both  the  MASAKA 
and  the  MOYO  INDOOR  strains.  Intrastrain  variability  in  dee t-sens i t iv- 
Ity  was  not  reduced  by  inbreeding.  The  phenomenon  of  inbreeding 
depression,  as  typified  by  the  foregoing  results,  is  antipodal 
to  heterosis  in  polygenic  systems  of  inheritance.  Accordingly, 
tolerance  to  deet  in  Aedes  aegypt 1 has  an  heterotic  component.  In  such 
cases.  It  has  been  recommended  that  the  Fj  hybrids  of  2 inbred  strains 
be  used  in  bioassay  work,  since  such  hybrids  are  both  heterozygous  and 
genetically  uniform. 

Four  inbred  strains  of  Aedes  aegypt i were  tested  to  determine  their 
respective  levels  of  sensitivity  to  deet  and  ethyl  hexanediol.  The 
correlation  of  levels  of  sensitivity  to  deet  with  levels  of  sensitivity 
to  ethyl  hexanediol  was  not  statistically  significant.  These  results 
indicated  that  levels  of  sensitivity  to  deet  and  ethyl  hexanediol  in 
Aedes  aegypt i are  determined  by  separate  physiological  pathways  in  the 
mosquito.  From  a practical  standpoint,  these  findings  mean  that  one 
repellent  could  be  substituted  for  the  other  if  repellent  tolerance 
were  encountered  in  the  field. 

The  foregoing  inbred  strains  of  Aedes  aegypt i were  morphologically  and 
biologically  compared  to  determine  whether  their  respective  levels  of 
sensitivity  to  deet  and  ethyl  hexanediol  could  be  correlated  with  any 
external  or  measurable  characters  that  might  serve  as  genetic  markers. 
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Although  the  several  inbred  strains  differed  significantly  in  morphology 
(size,  color  of  the  integument,  color  and  pattern  of  the  integumental 
scales,  etc.)  and  biological  characteristics  (clutch  size,  hatching 
period,  hatch  rate,  larval  survival,  pupal  survival,  adult  male  and 
female  longevity,  etc.),  specific  indicators  of  levels  or  degrees  of 
sensitivity  or  tolerance  to  deet  and  ethyl  hexanediol  were  not  found. 
This  line  of  investigation  has  been  extended  under  Study  No.  5 to 
include  electron  microscopic  studies  of  the  chemosensory  receptors 
of  the  inbred  strains  and  the  parent  MASAKA  and  MOYO  INDOOR  strains. 

It  is  possible,  in  principle,  for  cross-resistance  between  insecticides 
and  repellents  to  develop  in  populations  of  mosquitoes  in  the  field. 
Genetic  linkages  of  this  type  would  be  of  practical  importance  in  the 
selection  of  repellent  compounds  for  use  against  insecticide-resistant 
populations  of  vector  species.  In  the  present  study,  comparative  data 
were  obtained  on  the  respective  tolerances  of  11  laboratory  strains  of 
Anopheles  albimanus , Anopheles  stephensi , Anopheles  quadrimaculatus , 
Aedes  aegypti , and  Culex  pipiens  to  deet  and  malathion  and  on  the 
respective  tolerances  of  7 strains  of  Anopheles  stephensi , Anopheles 
quadrimaculatus , Aedes  aegypti  and  Culex  pipiens  to  deet  and  DDT.  The 
results  obtained  in  the  study  do  not  support  the  hypothesis  that  genetic 
linkages  between  the  military  standard  repellent  (deet)  and  organophos- 
phorus  insecticides  (malathion)  or  chlomated  hydrocarbon  insecticides 
(DDT)  are  likely  to  occur  in  the  field.  No  such  linkage  was  detected 
in  the  several  laboratory  strains  (field  isolates)  of  mosquitoes  avail- 
able for  study  at  LAIR. 

New  compounds  synthesized  by  Stanford  Research  Institute,  under  contract 
with  USAMRDC,  and  new  candidate  repellents  obtained  from  the  U.  S. 
Department  of  Agriculture  were  tested  for  their  repellency  to  mosquitoes 
To  date,  approximately  100  compounds  have  been  tested  for  repellency  to 
Aedes  aegypti . The  median  effective  dosages  of  these  chemicals  ranged 
from  0.8  pg/cm  upward,  including  several  compounds  which  had  no  detect- 
able effect.  Approximately  one-third  of  the  chemicals  tested  were  just 
as  or  more  repellent  than  deet.  Thus,  our  baseline  data  on  this  species 
effectively  cover  its  entire  known  range  of  genetically  determined 
avoidance  responses  to  chemicals.  The  correlation  of  these  responses 
with  chemical  structure  and  properties  is  currently  being  studied  at 
Stanford  Research  Institute. 

Since  one  of  the  objectives  of  the  present  study  is  to  assess  the 
relative  importance  of  hereditary  and  enviromental  factors  in  the 
feeding  behavior  of  Aedes  aegypti , the  probing  responses  of  that  species 
to  nine  persons  were  critically  studied.  Some  investigators  have 
thought  that  mosquitoes  may  be  more  inclined  to  feed  on  one  person 
than  another  and  that  such  mosquito  "preferences"  might  tend  to 
counteract  the  repellent  effect  of  deet  on  the  skin  of  the  preferred 
individual.  While  some  investigators  have  reported  experimental 
confirmation  of  the  supposed  preferences  of  mosquitoes  for  certain 
individuals,  others  have  been  unable  to  arrive  at  that  result. 
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The  experimental  design  used  in  the  present  study  incorporated  more 
advanced  bioassay  procedures  than  had  been  previously  applied  in  this 
area  of  research.  Probit  analysis  of  the  results  obtained  indicated 
that  the  mosquitoes  tested  did  not  respond  preferentially  to  any  of  the 
nine  test  subjects.  It  is  believed  that  previous  investigators  have 
mistaken  non-appetential  behavior  on  the  part  of  the  mosquito  for  an 
expressed  "non-preference"  for  the  test  subject. 

CONCLUSIONS 


The  avoidance  responses  of  mosquitoes  to  repellents  are  determined  by 
complex  interactions  of  genetic  and  non-genetic  factors.  The  genetic 
factors  involved  include  a polygenic  component  which  can  be  demonstrated 
by  inbreeding  techniques.  Different  genetic  systems  are  involved  in 
determining  the  responses  to  different  repellents.  The  behavorial 
responses  of  mosquitoes  to  repellents  are  not  genetically  linked  with 
their  physiological  responses  to  insecticides.  The  responses  to  repel- 
lents are  not  modulated  by  differential  "preferences"  for  individual 
human  hosts. 

RECOMMENDATIONS 


Levels  of  sensitivity  of  the  hybrids  of  inbred  strains  of  Aedes 
aegypti  to  deet  and  ethyl  hexandiol  should  be  measured,  and  the 
suitability  of  the  hybrids  for  use  as  standardized  bioassy  test 
subjects  should  be  determined.  Heritability  of  the  deet-sensitivity 
and  the  ethyl  hexanediol-sensit ivi ty  traits  should  be  determined 
through  tests  of  the  F^  hybrids  and  the  backcrosses.  Genetic  analysis 
of  the  inbred  strains  should  be  extended  to  include  the  repellents. 

PUBLICATIONS 

RUTLEDGE,  L.  C. , M.  A.  MOUSSA,  C.  A.  LOWE  and  R.  K.  S0F1ELD.  Comparative 
sensitivity  of  mosquito  species  and  strains  to  the  repellent  diethyl 
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STUDY  NO.  3 Development  of  improved  tick 

repellents  for  military  use 

PROBLEM 

Military  personnel  are  often  required  to  enter  areas  which  are 
endemic  for  tick-borne  diseases.  It  is  often  impracticable  to 
treat  such  areas  with  an  effective  insecticide  to  control  the  tick 
population  prior  to  the  time  that  troops  are  required  to  enter 
the  region.  Protection  of  troops  from  tick-borne  diseases  in  such 
situations  depends  on  the  use  of  effective  tick  repellents.  The 
current  standard  repellents,  M-1960  for  clothing  application  and 
deet  for  topical  application,  are  not  totally  effective  against 
ticks.  There  is  a current  need  for  longer-lasting  repellents  having 
high  intrinsic  repellency  for  ticks. 


RESULTS  AND  DISCUSSION  OF  RESULTS 


New  methods  for  testing  tick  repellents  were  developed  for  use  in  the 
study  in  lieu  of  conventional  test  methods,  which  are,  at  best,  only 
semiquant i tat ive . (a)  Median  Effective  Dosage  (ED,„) : Suckling  mice 

were  treated  by  dipping  in  ethanol  (control)  and  serial  dilutions  of 
the  test  repellent  in  ethanol  (repellent  treatments).  The  mice  were 
allowed  to  dry  for  30  minutes,  after  which  73  ticks  were  allowed  access 
to  them  on  a "free-choice"  basis  for  an  additional  3 1/2  hours.  The 
(four-hour)  ED^q  of  the  repellent  was  determined  by  probit  analysis  of 
the  numbers  of  ticks  attached  or  present  on  the  mice  at  that  time.  (b) 
Effective  Halflife:  In  this  test,  all  the  mice  (except  the  control) 
were  treated  with  the  same  dilution  of  repellent,  but  the  treatments 
were  made  at  successive  intervals  of  time  prior  to  the  test.  The 
effective  half life  of  the  repellent  was  calculated  from  the  numbers 
of  ticks  attached  or  present  on  the  mice  when  the  test  was  terminated. 
The  repellent  effect  was  defined  in  terms  of  probability  units  (probits) 
for  the  half  life  calculation,  in  accord  with  the  ED^  calculation. 

The  military  standard  repellent,  diethyl  toluamide  (deet),  and 
3 possible  alternatives,  ethyl  hexanediol,  dimethyl  phthalate,  and 
Indalone  , were  evaluated.  Although  these  4 compounds  are  accepted 
repellents  which  are  sold  commercially  and  are  known  to  be  effective 
against  ticks,  they  had  not  been  critically  tested  and  compared 
by  modern  methods.  The  ED,.q  and  the  effective  halflife  were  determined 
for  each  of  the  4 compounds,  using  the  nymphal  stage  of  the  eastern 
dog  tick,  Dermacentor  variabilis . This  species  is  the  primary  vector 
of  Rocky  Mountain  spotted  fever  in  the  central  and  eastern  U.  S. 

The  ED,(1  of  deet,  ethyl  hexanediol,  dimethyl  phthalate  and  Indalone**  for 
D.  variabilis  were  0.12,  0.41,  0.33,  and  0.11%  respectively.  Thus, 
deet  and  Indalone**  were  equally  effective,  on  a gram-for-gram  basis, 
in  repelling  the  test  insect.  Dimethyl  phthalate  was  less  effective 
than  deet  or  Indalone**  but  more  effective  than  ethyl  hexanediol. 

The  effective  half  lives  of  deet,  ethyl  hexanediol,  dimethyl  phthalate, 
and  IndaloneK  for  protection  against  D.  variabilis  were  7.5,  8.4, 

7.3,  and  6.6  hours  respectively.  Thus,  the  repellent  effects  of  ethyl 
hexanediol  applications  were  more  persistent  than  those  of  deet 
and  dimethyl  phthalate  applications,  and  the  repellent  effects 
of  Indalone**  applications  were  less  persistent  than  those  of  deet 
and  dimethyl  phthalate  applications. 

The  methods  used  in  this  study  permit,  for  the  first  time,  measurement 
of  the  rate  of  decay  separately  from  dosage  effects  in  studies 
relating  to  persistence  of  repellents  on  the  skin.  These  two  distinct 
processes  were  confounded  in  conventional  repellent  tests  because  the 
measure  of  persistence  used  (protection  time)  was  dose-dependent.  Since 
the  effective  halflife  of  a repellent  is  a measurement  of  rate  of  decay, 
it  is,  within  limits,  independent  of  the  dosage  of  repellent  applied. 
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The  limits  referred  to  are  those  applicable  to  bioassay  techniques  in 
other  fields  of  study,  viz.,  0-1002  effect.  Adoption  of  bioassay 
techniques  in  the  study  has  provided  quantitative  tick  repellent  test 
results  for  the  first  time. 

CONCLUSIONS 

Diethyl  toluamide  is  superior  to  ethyl  hexanediol,  dimethyl  phthalate, 
and  IndaloneR  as  a repellent  for  use  against  D.  variabilis  because 
of  its  low  EDcq  (0.122)  and  favorable  persistence  qualities  (effective 
halflife  = 7.5  hours).  Ethyl  hexanediol,  dimethyl  phthalate  and 
IndaloneR  are  acceptable  alternatives  to  diethyl  toluamide,  provided 
that  they  are  applied  more  heavily  (ethyl  hexanediol,  dimethyl 
phthalate),  or  frequently  (lndaloneR). 

RECOMMENDATIONS 


The  study  should  be  extended  to  include  (a)  larval  and  adult  stages 
of  D.  variabll is . (b)  the  opposing  family  of  ticks  (Family  Argasidae) , 
and  (c)  selected  new  repellent  compounds  which  may  be  superior  to  deet. 

PUBLICATIONS 


None 


STUDY  NO.  A Development  of  duration  testing 

methods  for  mosquito  repellents 

PROBLEM 


While  many  chemicals  are  known  to  repel  mosquitoes  effectively  when 
applied  to  the  skin  at  practical  dosages,  relatively  few  persist 
on  the  skin  for  extended  periods  of  time  after  application.  Persistence 
is  critical  to  the  military  application,  since  military  operations 
may  require  continuous  exposure  of  personnel  to  mosquitoes  for  prolonged 
periods  of  time.  Conventional  methods  are  inadequate  for  unequivocal 
determination  of  the  persistence  properties  of  new  mosquito  repellents. 
Quantitative,  statistical  methods  based  on  modern  bioassay  techniques 
are  critically  needed  in  the  repellent  development  program  supported 
by  USAMRDC . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

In  vitro  and  animal  test  systems  were  developed  as  alternatives 
to  the  use  of  human  test  subjects  in  primary  screening  and  testing 
programs.  In  the  in  vitro  test  system  natural  loss  of  repellent  from 
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the  skin  was  simulated  in  the  laboratory  with  a set-up  which  incorporated 
a membrane  (representing  the  skin)  overlying  a gel  (representing 
the  flesh).  Repellent-treated  membranes  were  incubated  for  varying 
periods  of  time  in  the  system  and  subsequently  transferred,  together 
with  an  untreated  control  membrane,  to  an  in  vitro  mosquito  blood- 
feeding system  for  bioassay  of  the  repellent  residues.  The  system 
provides  for  the  regulation  of  the  rates  of  evaporation  and  absorption 
of  repellents  by  choice  of  membrane  (reconstituted  collagen,  goldbeater's 
skin,  etc.),  choice  of  gel  (dextran,  agar,  etc.),  and  by  regulation 
of  moisture,  temperature,  air  movement,  and  other  conditions.  Sweating 
can  be  simulated  by  providing  for  exudation  or  condensation  of 
moisture  at  the  membrane  surface.  It  is  anticipated  that  appropriate 
adjustments  and  substitutions  in  the  in  vitro  test  system  will  bring 
its  "readings"  into  close  correspondence  with  the  "readings"  obtained 
from  the  equivalent  test  system  utilizing  human  test  subjects. 

The  animal  test  system  developed  in  the  study  utilizes  suckling  mice 
because  of  their  small  size,  lack  of  hair,  immobility,  and  low  cost. 

The  animals  were  treated  at  fixed  intervals  of  time  with  a dilute 
solution  of  repellent  in  ethanol.  Treatment  was  by  brief  immersion, 
in  the  same  manner  that  sheep  and  cattle  are  treated  with  insecticides. 
Subsequently,  the  repellent-treated  mice  and  an  ethanol-treated 
control  mouse  were  exposed  to  a test  population  of  mosquitoes  for 
bioassay  of  the  repellent  residues.  As  in  the  case  of  the  in  vitro 
repellent  test  system,  it  is  anticipated  that  appropriate  adjustment 
of  the  white  mouse  test  system  will  bring  its  readings  into  close 
correspondence  with  those  obtained  from  the  equivalent  human  test 
system. 

New  procedures  for  advanced  testing  of  repellents  on  human  test 
subjects  in  the  laboratory  and  the  field  were  developed.  In  the 
laboratory  test  method,  a dilute  solution  of  repellent  was  applied 
at  fixed  intervals  of  time  to  circular  test  areas  outlined  on  the 
flexor  region  of  the  forearm.  The  treated  areas  were  subsequently 
exposed,  together  with  an  ethanol-treated  control  area,  to  a test 
population  of  mosquitoes  for  bioassay  of  the  repellent  residues. 

The  field  test  method  was  validated  in  trials  of  diethyl  toluamide 
and  ethvl  hexanediol  against  Aedes  dorsalis  at  Skaggs  Island,  CA, 
in  August  and  September  1977.  In  the  field  test  method,  a dilute 
solution  of  repellent  was  applied  at  fixed  intervals  of  time  to 
the  two  forearms  and  one  of  the  lower  legs  or  to  the  two  lower 
legs  and  one  of  the  forearms,  the  remaining  member  being  selected 
at  random  for  treatment  with  ethanol  only  as  a control.  Subsequently, 
the  test  subjects  entered  a mosquito-infested  area  and  exposed 
the  forearms  and  lower  legs  to  the  mosquitoes.  Mosquitoes  were 
collected  separately  from  the  exposed  limbs  for  subsequent  counting 
and  Identification. 

The  newly  developed  test  methods  were  designed  specifically  to 
measure  the  effective  halflives  of  mosquito  repellents.  They  permit. 


for  the  first  time,  measurement  of  the  rate  of  decay  separately  from 
dosage  effects  in  studies  relating  to  the  duration  of  mosquito 
repellents  on  the  skin.  These  two  distinct  processes  were  confounded 
in  conventional  repellent  tests  because  the  measure  of  persistence 
used  (protection  time)  was  dose-dependent.  Since  the  effective 
half  life  of  a repellent  is  a measure  of  rate  decay,  it  is,  within 
limits,  independent  of  the  dosage  of  repellent  applied.  The  limits 
referred  to  are  those  applicable  to  bioassay  techniques  in  other 
fields  of  study,  viz.,  0-100%  effect  in  probability  units.  Adoption 
of  bioassay  techniques  in  the  study  has  provided  quantitative  mosquito 
repellent  test  results  for  the  first  time.  The  effective  half 
lives  estimated  for  diethyl  toluamide  and  ethyl  hexanediol  in  the 
Skaggs  Island  trials  (9.6  and  12.4  hours,  respectively)  are  undoubtedly 
the  most  meaningful  measures  of  the  persistence  properties  of  these 
two  important  repellents  that  have  been  made  to  date,  even  though 
the  materials  have  been  in  use  since  the  1940s  (ethyl  hexanediol) 
and  1950s  (diethyl  toluamide). 

CONCLUSIONS 


A diversified  battery  of  new  test  methods  was  developed  for  evaluating 
the  persistence  properties  of  mosquito  repellents.  These  included 
in  vitro  and  animal  test  methods  for  primary  screening  and  testing 
in  the  laboratory  as  well  as  human  test  methods  for  advanced  testing 
of  repellents  in  the  laboratory  and  the  field.  The  new  methods 
achieve  a major  advance  in  repellent  testing  methodology  by  incorporating 
standard  bioassay  techniques  into  the  experimental  design  and  providing 
for  measurement  of  rate  of  decay  separately  from  dosage  effects 
for  the  first  time. 

RECOMMENDATIONS 


The  laboratory  test  methods  described  should  be  further  refined 
and  finalized  and  the  field  test  method  should  be  further  validated. 
The  n.  w test  methods  should  be  adopted  for  use  at  LAIR  and  elsewhere, 
and  the  older  test  methods  should  be  discontinued  as  obsolete. 

PUBLICATIONS 

RUTLEDGE,  L.  C.  Incubation  and  prepatent  periods  of  Plasmodium 
v ivax.  Trans  Roy  Soc  Trop  Med  Hyg  71:451,  1977. 

STUDY  NO.  5 Studies  of  repellent  receptors  in 

disease  vectors 

PROBLEM 


The  development  of  improved  repellents  for  military  use  requires 
an  understanding  of  the  mode  of  action  of  these  chemicals  through 
the  vector's  chemosensorv  pathways.  The  current  repellent-synthesis 
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program  supported  by  this  command  emphasizes  the  synthesis  of  volatile 
chemicals  in  the  assumption  that  vectors  perceive  repellents  through 
their  olfactory  receptors.  The  role  of  other  sensory  receptors 
has  been  either  neglected  or  not  fully  appreciated.  The  purpose 
of  this  study  is  to  locate  and  describe  the  sensory  receptors  of 
selected  disease  vectors,  and  to  correlate  receptor  type  and/or 
distribution  with  the  vector's  response.  This  information  may 
provide  significant  leads  to  the  chemist  in  selecting  chemical 
properties  most  likely  to  yield  the  best  repellents,  and  may  also 
provide  a method  to  predict  the  species  response  to  different  repellents 
on  the  basis  of  its  sensory  complement. 


RESULTS  AND  DISCUSSION  OF  RESULTS 

Both  scanning  and  transmission  electron  microscopy  have  been  used 
to  examine  sense  organs  on  the  antennae  and  tarsi  of  the  sand  fly, 
Lutzomyia  longipalpis.  The  antennae  are  primary  loci  of  olfactory 
receptors  and  the  tarsi  are  the  primary  loci  of  the  gustatory  receptors. 

A morphologically  unique  receptor  was  found  on  the  sand  fly  antenna. 

This  receptor  is  a small  (length  2.7  p)  thorn-shaped,  grooved  peg 
encircled  by  8 microtrichae . The  grooved  peg  has  an  internal  structure 
similar  to  that  of  the  grooved  pegs  on  mosquito  antennae.  However, 
those  on  the  mosquito  lack  the  associated  microtrichae.  On  the 
mosquito,  grooved  pegs  are  known  to  respond  to  lactic  acid.  The 
sand  fly  may  be  repelled  by  chemical  compounds  that  repel  mosquitoes, 
since  they  possess  similar  sense  organs.  Six  to  ten  thick-walled 
or  gustatory  hairs  were  found  on  the  foretarsus  of  the  sandfly. 

These  hairs  are  exceptionally  few  in  number,  compared  with  those 
found  on  other  biting  Diptera.  The  sand  fly  is  a small,  delicate 
fly  and  it  is  possible  that  it  relies  more  on  olfactory  and/or 
thermal  stimuli  rather  than  gustatory  stimuli  to  find  its  host. 

Light  and  electron  microscopy  were  used  to  demonstrate  the  presence 
of  olfactory  hairs  on  the  tarsi  of  the  mosquito,  Aedes  aegypti . 

Olfactory  hairs  have  not  been  previously  reported  on  the  tarsus 
of  any  arthropod.  The  olfactory  hairs  externally  resemble  the  more 
numerous  gustatory  hairs.  Both  are  about  35  p in  length,  but  transmission 
electron  microscopy  reveals  that  these  hairs  are  definitely  thin-walled 
or  olfactory.  Since  the  mosquito's  tarsus  is  covered  with  scales,  these 
may  afford  protection  to  the  delicate  thin-walled  olfactory  hairs.  Ol- 
factory hairs  on  the  tarsi  may  explain  how  mosquitoes  are  able  to 
respond  to  a repellent  immediately  before  they  alight  on  a repellent- 
coated  surface. 

CONCLUSIONS 

Morphological  examination  of  chemoreceptors  on  disease  vectors  of 
military  medical  importance  is  providing  insight  into  the  vector's 
response  to  repellents.  However,  vector  species  studied  to  date 
are  too  few  to  determine  exactly  which  receptors  are  crucial  to 
the  vector's  being  repelled  from  its  host. 


\l 


i 


185 


1 


RECOMMENDATIONS 

The  sensory  morphology  of  numerous  diverse  medically  important 
disease  vectors  should  be  examined  and  their  morphology  correlated 
with  the  vector  s known  behavorial  response  to  different  repellents. 
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PROJECT  NO.  1M762772A810  Military  Skin  Disease 

WORK  UNIT  NO.  016  Diagnosis  and  Prevention  of 

Leishmaniasis  in  Military 
Personnel 


The  following  Investigations  have  been  conducted  under  this  work 
un  1 1 : 


STUDY  NO. 
STUDY  NO. 

STUDY  NO. 


1 Serodlagnosis  of  American  leishmaniasis 

2 Improved  skin  test  antigen  for  the 
diagnosis  and  prognosis  of  leishmaniasis 

1 Immune  mechanisms  in  leishmaniases 


STUDY  NO.  1.  A system  was  established  which  utilized  insect  cell 
culture  r,.edla  in  cell  culture  flasks  and  roller  bottles  for  the 
routine  mass  cultivation  of  low  passage  leishmanial  promast igotes . 
Promasl  Igotes  of  l.e  i shman  l_a  brazl  1 lens  is  were  sonicated  and 
antigenic  tractions,  obtained  by  differential  centrifugation  and  gel 
diffusion  chromatography,  were  evaluated  by  passive  hemagglutination 
(PHA)  tests  for  detecting  leishmanial  antibodies  in  sera  from 
confirmed  leishmanla  cases.  The  PDA  test,  which  employed  an  antigen 
derived  from  the  supernatant  of  a high  speed  centrifugation,  was 
able  to  detect  leishmanial  antibodies  in  4 of  6 (67%)  patients  with 
early  infections  of  cutaneous  leishmaniasis.  In  addition  to  the 
PDA,  the  feasibility  of  an  enzyme- 1 inked  immunosorbent  assay  (ELISA) 
for  the  detection  of  leishmanial  antibodies  was  investigated. 


STUDY  NO.  2.  Studies  were  conducted  for  the  preparation, 
standardization,  anil  evaluation  of  skin  testing  antigens  for  the 
diagnosis  and  prognosis  of  leishmaniasis.  Skin  testing  experiments 
have  Indicated  that  there  are  no  differences  in  delayed  hypersensi- 
tivity responses  between  groups  of  guinea  pigs  sensitized  with 
amast Igotes  or  promas t Igotes . Likewise,  there  is  little  variation 
between  responses  induced  by  amastigote-  or  promast igote-der ived 
antigens.  Lelshmanln  preparations  of  Leishmanla  enr left  11  and  L. 
brazl llensls  tested  in  the  L.  enr let 1 1 1 -guinea  pig  system  showed 
positive  delayed  responses  with  no  responses  in  unsensitized 
controls.  A lelshmanln  skin  testing  antigen  was  produced  from 
promas t igotes  cultured  in  media  which  lacked  Ingredients  which 
would  limit  its  acceptability  for  human  use. 


STUDY  Nl).  ') . The  formation  of  circulating  Immune  complexes  in 
hamsters  infected  with  Leishmanla  mexi cana  was  Indirectly 
demonstrated.  Anti-complementary  activity  (AC)  occurred  more 
frequently  in  hamsters  during  early  infection  than  in  late  infection 
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antibody  positive  In  L.  brazl  Hen^f  W?ie  comPlement  fixing  (CF) 
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complexes  offers  a rational  explanation ’ f The  formation  of  Immune 
and  elusiveness  of  leishmanial  antibody  Fff^  translent  nature 
titer  anti-leishmanla  sera  In  rahhi  t yj  . Efforts  to  produce  high 
ot  L.  mexicana  consistently  produced  welk'i antlgenlc  Preparations 
animals.  However,  L.  mexicana  a^_^nunune  responses  in  these 

blood  hemolysin  and  de^^77Ted  the  nr  1 duCed  a rise  in  sheep  red 
which  may  be  important  in  spe^es  JifL  T °f  Forssma"  ^tigen 
resistance.  P Cles  differentiation  and  host 
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BODY  OK  REPORT 

WORK  UNIT  NO.  016  Diagnosis  and  Prevention  of 

Leishmaniasis  in  Military 
Personnel 

STUDY  NO.  1 Serodiagnosls  of  American 

leishmanaisis 

PROBLEM 

Standard  serological  techniques  lack  specificity  and  sensitivity 
in  leishmanial  infections  to  detect  low  levels  of  specific 
circulating  antibodies.  Thus,  infections  are  not  ordinarily 
diagnosed  until  a grossly  observable  lesion  develops.  Early 
diagnosis  will  permit  early  treatment  and  decrease  serious 
complications  from  mucocutaneous  or  visceral  involvement.  This 
study  was  designed  to  develop  a simple  but  effective  serological 
test  for  use  in  detecting  early  pre-patent  leishmanial  infections 
among  military  personnel  serving  in,  or  returning  from,  endemic 
areas  of  this  disease. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Initial  attempts  to  adapt  a series  of  Insect  cell  culture  media 
for  the  mass  cultivation  of  leishmanial  parasites  were  often 
unsuccessful  due  to  the  failure  of  amastigotes,  at  a low  density, 
to  adapt  to  the  media  and  to  transform  to  promast igotes . Fungal 
contamination  of  the  cultures  was  frequently  experienced.  These 
problems  were  resolved  by  initiating  leishmanial  growth  in  small 
volume  cell  culture  flasks  and  roller  bottles  prior  to  inoculation 
of  mass  culture  flasks.  This  procedure  facilitates  the  adaptation 
and  transformation  of  amastigotes  and  decreases  the  frequency  of 
contamination.  Efficiency  of  harvest  was  significantly  improved 
by  the  use  of  continuous  flow  centrifugation.  This  system  has  made 
it  possible  to  collect  routinely  10  to  12  ml  of  packed  promast igotes 
per  6 liter  flask.  Although  higher  yields  may  be  possible,  cells 
were  harvested  early  in  the  log-growth  phase  to  insure  collection 
of  a greater  number  of  viable  promas t Igotes . 

Sonicated  homogenates  of  L.  brazi 1 tens  is  promas t igotes  were 
fractionated  by  differential  centrifugation  and  gel  diffusion 
chromat ographv • Ten  antigenic  components  were  isolated  and 
evaluated  In  a passive  hemagglutination  (PHA)  test  which  used 
sensitized,  glutaraldehyde-f ixed  human  Type  0 negative  erythrocytes 
to  detect  leishmanial  antibodies  in  sera  from  experimental  animals 
and  humans  with  confirmed  cases  of  leishmaniasis. 

Cel  diffusion  chromatography  of  supernatants  obtained  after 
relatively  low  speed  centrifugation  (3,000  g for  30  min)  revealed 
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a prominent  high  molecular  weight  (MW)  peak  and  two  lower  MW  peaks. 

PHA  determinations  with  sera  from  immunized  rabbits  and  chickens 
and  from  infected  hamsters  showed  the  highest  titers  with 
fractions  eluted  within  the  first  low  MW  peak. 

Higher  speed  centrifugation  (20,000  or  30,000  g for  1 h)  was  used 
to  separate  soluble  from  insoluble  portions  of  sonicated  promast igotes . 
The  soluble  portion  was  used  as  an  antigen  in  the  PHA  test  for  the 
assay  of  leishmanial  antibodies  in  a series  of  human  patients  with 
confirmed  cutaneous  leishmaniasis.  Titers  were  noted  in  the  sera  of 
4 out  of  5 patients.  These  included  3 patients  with  relatively  early 
infections  including  one  of  l 1/2  months  (1:32)  and  one  of  2 months 
(l:lb).  The  third  early  infection  (2  months'  duration)  showed  no 
significant  titer.  Titers  were  also  detected  in  sera  from  2 patients 
with  chronic  infections,  one  with  mucocutaneous  leishmaniasis  (1:64) 
and  another  with  diffuse  cutaneous  leishmaniasis  (1:16). 

Three  additional  series  of  sera  from  patients  with  simple  cutaneous 
infections  were  also  tested.  The  first  series  of  7 sera,  collected 
from  a patient  at  periodic  intervals  within  a 10-month  period, 
showed  a consistent  rise  in  titer  from  1:4  to  1:32.  The  first 
significant  titer  was  noted  4 months  after  diagnosis.  By  contrast, 
the  second  series  of  11  sera  collected  during  an  18-month  period  showed 
a decrease  in  titer  from  1:32  to  ^1:8.  The  third  series  collected  over 
an  8-month  period  also  showed  a consistent  decrease  in  titer.  The 
results  indicate  that  early  leishmanial  antibodies  were  detected  with 
soluble  antigen  in  the  PHA  of  sera  collected  from  4 of  6 (67%)  patients. 
Among  uninfected  humans,  only  one  of  28  serum  samples  showed  a titer. 

Supernatants  from  high  speed  centrifugation  were  further  purified 
by  passage  through  a gel  diffusion  chromatography  column.  Two 
protein  peaks  were  observed  and  collected.  Initial  serological 
evaluation  by  the  PHA  test  with  immune  rabbit  sera  indicated  that 
the  major  antigenic  components  were  associated  with  the  higher  MW 
peak . 

Limited  trials  with  soluble  and  insoluble  L.  brazi 1 ions  is 
promastlgote  antigens  and  anti-1,,  brazil  lens  is  rabbit  sera  in  an 
enzvme-linked  immunosorbent  assay  (F.1.1SA)  , in  which  a bound  alkaline 
phosphatase  conjugate  was  used,  indicated  that  this  method  can  be  used 
to  detect  leishmanial  antibodies.  The  test  is  being  adapted  for  a 
microtiter  system  in  which  leishmanial  anti gen-ant ibodv-bound 
conjugate  may  be  assayed  accurately  colorimet rically  to  quantitate 
leishmania  antibody  in  infected  sera. 

CONCLUSIONS 


Routine  large  scale  propagation  of  leishmanial  parasites  was 
achieved  in  a system  which  involves  the  successive  use  of  cell 
culture  flasks,  roller  bottles,  and  6 liter  flasks.  The  use  of 


continuous  flow  centrifugation  enhanced  t lie  efficiency  of  the 
harvest.  Leishmanial  antigens  were  fractionated  bv  differential 
centrifugation  and  gel  diffusion  chromatography  and  reactivity 
was  demonstrated  by  the  PH A test. 

RE cOHMK N DAT 1 ON  S 

The  soluble  antigens  derived  from  high  speed  centrifugation  of 
sonicated  promast igotes  should  be  further  purified  by  gel 
diffusion  and  ion  exchange  chromatography  to  eliminate  proteins 
which  may  affect  specificity  and  sensitivity  of  serological  tests. 
Insoluble  sediments  should  be  evaluated  in  serological  tests  which 
do  not  require  soluble  antigens,  such  as  the  ELISA  test,  or  subjected 
to  protein  solubilization  techniques.  Soluble  antigens  should  be 
examined  in  a variety  of  in  vitro  serological  procedures  to  evaluate 
their  suitability  tor  the  detection  of  low-level  circulating 
ant ibod i es . 

PUBLICATIONS 
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tion of  amast igotes  from  cutaneous  lesions  ot  American  leishmaniasis. 
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STUDY  NO.  2 Improved  skin  test  antigens 

for  the  diagnosis  and  prognosis 
of  leishmaniasis 

PROBLEM 

Leishmanial  infections  represent  a group  of  parasitic  diseases 
encountered  by  military  personnel  stationed  in  endemic  areas. 

Immunity  in  leishmaniasis  is  conferred  principally  bv  cell- 
mediated  immune  responses.  Skin  testing  procedures  to  demonstrate 
de laved  hypersensitivity  are  important  aids  for  diagnosis  and 
prognosis.  Although  skin  testing  with  leishmanin  (phenol at ed 
suspension  of  l.elshmania  promast Igotes)  is  widely  and  successful Iv 
used  overseas,  leishmanin  is  not  approved  or  licensed  for  use  in 
the  H.  S.  This  stvidy  involves  the  preparation,  standardization, 
and  evaluation  of  antigens  which  will  be  acceptable  for  skin  testing 
of  U.  S.  personnel. 

RES PITS  AND  DISCUSSIOH  OF  RESULTS 

Experiments  were  undertaken  to  compare  and  characterize  hypersensi- 
tivity responses  to  amast igote  and  promast (goto  antigens  in  guinea 
pigs  sensitized  to  infections  of  l.elshmania  enr let  til.  Infections 
were  initiated  by  quantitated  inocula  of  amastigotes  and  promast igote 
Antigens  evaluated  for  potential  use  in  skin  testing  included  whole 
and  sonicated  amast igotes  and  promast Igotes  of  L.  enriettii,  and 
L.  enriettii  and  L.  brazjliensis  leishmanin  preparations . Appropriat 
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controls  for  media  an d diluents  were  Incorporated.  Neither  immediate 
responses  bv  2 h nor  Art  bus  reactions  at  t>  h were  noted.  Delayed 
hypersensitivity  responses  were  elicited  by  4b  b.  No  major  differ- 
ences were  noted  between  responses  in  guinea  pigs  with  infections 
initiated  with  promas t igotes  or  amastlgotes,  or  between  amastigote 
and  promast igote  derived  antigens.  Among  t he  antigens  tested,  only 
the  lelshmanin  preparations  failed  to  elicit  responses  in  control 
lunsens it  1 zed ) animals.  Hypersensitivity  responses  were  also 
obtained  in  guinea  pigs  inoculated  with  .unastlgotes  of  L.  brarl 1 tens  is. 

Current  procedures  generally  utilized  for  the  cultivation  of 
leishmanial  antigens  include  whole  rabbit  and  human  blood,  and 
certain  other  blood  products  which  render  these  antigens 
unacceptable  for  human  use  in  the  l>.  S.  efforts  were  therefore 
made  to  cultivate  leishmanial  parasites  in  a media  which  contains 
none  of  these  questionable  substances,  t'romast  Igotes  ot  1..  braz  1 1 ions  is 
were  successfully  propagated  in  a defined  medium.  Cells  were  collected, 
prepared  as  lelshmanin,  and  stored  at  -20°C  for  eventual  evaluation  ot 
efficacy,  chemical  composition,  sterility,  safety,  and  toxicity. 


CON  Cl  l!  SI  ON  S 

Results  ot  skin  testing  experiments  with  leishmanial  antigens 
indicated  that  there  are  no  discernible  differences  in  hypersensi- 
tivity responses  between  guinea  pigs  sensitized  with  either 
amastlgotes  or  promast igotes . Likewise,  responses  induced  bv 
amastigote  or  promast igote  derived  antigens  were  similar. 

Lelshmanin  preparations  of  L.  enr let  t it  and  L.  braz 1 1 iensls 
evaluated  in  the  L.  enr let  1 1 1-gutnea  pig  sv  stem  elicited  positive 
delayed  skin  responses.  No  responses  were  obtained  in  unsensitized 
controls,  lluinea  pigs  sensitized  with  viable  amastlgotes  of  L. 
braz i 1 iensls  developed  delayed  hypersensitivity-skin  responses 
and  mav  be  suitable  for  evaluation  of  lelshmanin  skin  testing 
ant l gens . 

RK COMMENDATIONS 


Lelshmanin  skin  testing  antigen  produced  from  promast igot es  cultured 
in  a defined  medium  with  fetal  calf  serum  should  be  evaluated  for 
its  capacity  to  elicit  delayed  hypersensitivity  responses  in  guinea 
pigs  sensitized  bv  an  infection  of  L.  enr let t 11.  Subsequently, 
testing  and  evaluation  for  chemical  composition,  sterility,  safety, 
and  toxicity  of  these  preparations  should  be  undertaken  to  satisfy 
the  requirements  for  clearance  and  approval  for  Initial  human  testing. 

PUB!  1 CAT IONS 

None 
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STUDY  NO.  I 


Immune  mechanisms  in  leishmaniases 


PROBLEM 

Leishmaniases  constitute  a group  of  vector-borne  protozoan  diseases 
among  which  some  forms  are  mutilating  and/or  life-threatening  to 
man.  At  present,  there  are  no  adequate  means  to  protect  military 
personnel  required  to  operate  in  endemic  areas  of  these  diseases. 
Immunization  of  troops  prior  to  deployment  could  be  the  best  means 
of  conferring  protection.  The  feasibility  of  this  approach  is 
suggested  by  the  long-lasting  immunity  conferred  to  individuals 
with  healed  cutaneous  and/or  visceral  leishmaniases.  However,  the 
mosaic  of  antigens  in  the  organism  presents  a major  problem.  These 
antigens  must  be  isolated,  purified  and  characterized,  and  their 
capacity  to  stimulate  immunity  must  be  ascertained  in  order  to 
establish  their  potential  protective  value.  Also,  it  is  necessary 
to  delineate  clearly  the  roles  of  ce l 1 -mediated  and  humoral  Immunity 
in  these  diseases.  The  present  study  is  designed  to  explore  immunity 
in  leishmaniases  and  to  provide  a better  understanding  of  the 
me chan i sms  invo 1 ved . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  formation  of  circulating  immune  complexes  in  hamsters  infected 
with  Leishmania  mex i cana  was  demons t rated.  Anti-complementary 
activity  lAO  in  sera  collected  from  normal  hamsters  and  from  others 
infected  with  L.  mex i cana  was  assayed.  Of  the  normal  sera,  9 of  33 
were  AC,  whereas  in  sera  collected  from  animals  IS  to  17  days,  and 
hi)  to  b4  days  after  infection,  4 of  5 and  13  of  39  sera  were  AC 
respectively.  The  incidence  of  80t  in  sera  collected  1 S—  1 7 days 
after  Infection  suggests  that  antibody  formed  early  in  disease 
combined  with  circulating  antigen  to  form  immune  complexes  which 
rendered  the  sera  AC.  There  were  no  apparent  differences  in  AC 
between  hamsters  initially  infected  with  either  promastigotes  or 
.imast  igotes  . 


Sera  collected  from  hamsters  infected  with  L.  bra?,  i liens  i s and 
from  hamsters  Infected  with  L.  mex t cana  which  did  no t show  AC  were 
tested  for  complement  fixing  (CF)  and  precipitating  antibodies.  In 
sera  obtained  from  animals  17  to  b4  days  following  infection  with 
L.  mex 1 cana , 14  of  80  were  CF  positive.  A greater  number  of  sera 
(tb  of  411  from  a comparable  group  of  animals  infected  with 
L.  braz i 1 ions i s showed  CF  antibodies.  In  both  groups  of  sera,  CF 
antibody  titers  ranged  from  1:4  to  l:b4.  The  greatest  number  of 
reactors  occurred  among  animals  tested  48  to  55  days  after  infection. 
None  of  the  sera  demonstrated  precipitating  antibody  by  immuno- 
diffusion or  counter-current  immuno-elect rophoresis . The  failure 
to  detect  consistently  antibody  early  in  the  disease,  and  the 
variation  in  the  frequency  of  reactors  point  to  the  transient 
nature  of  leishmanial  antibody.  This  is  consistent  with  the  hypothesis 
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that  antibody  elicited  early  in  disease  forms  immune  complexes  in  the 
presence  of  excess  antigen  and  is  not  detectable  as  free  antibody. 

Several  antigenic  preparations  of  L.  mexlcana  were  evaluated  for 
their  ability  to  elicit  high-titer  anti-leishmanial  sera  in  rabbits. 
These  preparations  included  (1)  crude  soluble  promast igotc  fraction, 
soluble  fraction  with  sodium  alginate  adjuvant,  (3)  dialyzed 
soluble  fraction,  (4)  whole  promastlgotes , (5)  whole  promast igotes 
with  sodium  alginate  adjuvant,  (t>)  insoluble  pellet,  (7)  insoluble 
pellet  with  sodium  alginate  adjuvant,  (8)  Insoluble  pellet  treated 
with  sodium  desoxveholate , and  (9)  insoluble  pellet  treated  with 
sodium  desoxveholate  and  dialyzed.  The  data  showed  that  1..  mexlcan a 
preparations  Induced  the  production  of  180  50T  units  of  sheep  red 
blood  cell  hemolysin,  CF  antibody  of  up  to  1:32  titer,  and  precipita- 
ting antibody  ot  1:2.  In  general,  CF  and  hemolytic  antibodies  were 
detected  7 days  after  the  first  immunizing  dose,  whereas , precipitating 
antibodies  were  not  detected  until  30  to  51  days  after  the  first 
immunizing  dose.  These  data  show  that  immunization  of  rabbits  with 
leishmanial  antigens  results  in  the  sequential  production  of  antibodies 
of  different  specificities.  Comparable  antigenic  preparations  of 
l..  brazil iensis  were  injected  in  rabbits  and  are  currently  being 
evaluat ed . 

The  ability  of  L.  mexlcana  antigens  to  induce  a rise  in  sheep  red 
blood  cell  hemolysin  is  evidence  for  the  presence  of  Forssman 
antigen  in  Lelshmanla.  The  source  of  this  antigen  has  not  been 
ascertained  at  this  time.  However,  the  implications  of  this  finding 
relative  to  species  differentiation  and  host  resistance  are 
currently  being  explored. 

CONCLUSIONS 

The  high  incidence  of  AC  in  sera  collected  from  hamsters  infected 
with  l..  mexlcana  suggests  the  formation  of  immune  complexes.  Their 
formation  appears  to  offer  a rational  explanation  for  the  transient 
nature  of  leishmanial  antibody  and  its  Illusiveness.  The  consistent 
weak  immune  responses  of  rabbits  to  various  antigenic  preparations 
of  L.  mexicana  antigens  indicates  that  Lelshmanla  antigen  homogenates 
may  consist  of  substances  which  are  inhibitory  to  antibody  induction 
and  production.  The  finding  of  Forssman  antigen  in  Lelshmanla  may 
prove  important  to  species  differentiation  and  host  resistance. 

RF.COMMF.N  DAT  IONS 

The  presence  of  circulating  immune  complexes  in  American  leishmaniasis 
should  be  further  substantiated  by  direct  evidence  and  their  role  in 
protective  Immunity  should  be  assessed.  The  finding  of  Forssman 
antigen  in  Lelshmanla  should  be  investigated  to  determine  its 
significance  in  relation  to  species  differentiation  and  host 
resistance.  Leishmanial  homogenates  should  be  evaluated  to  identify 
components  which  contribute  to  delay  in  antibody  induction. 
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WORK  UNIT  NO. 


001 


Nutrition  Studios  In  Support  of  DO!) 
Food  Program 


The  following  Investigations  have  been  conducted  under  this  worV  unit: 
STUDY  NO.  3 Nutrition  survey  at  boring  AFP,  Maine 


STUDY  NO.  4 


Nutrition  survey  at  Naval  Air  Station,  Alameda, 
California 


ADDENDUM 


A Phase  II  of  study  to  evaluate  changes  In  nutrient 
Intakes  after  renovation  of  dining  facility  and  Ini- 
tiation of  a la  carte  feeding  system 


ADDENDUM 


B Phase  III  of  study  to  evaluate  the  biochemical  and 
clinical  indices  of  nutritional  status  and  survey 
food  intakes  (In  dining  hall,  other  sources,  and 
total)  of  sailors  on  the  OO’fRAT  a la  carte  system 


STUDY  NO.  5 


A series  of  nutrition  surveys  to  evaluate  the  effects 
of  changing  feeding  systems  (to  an  all  C0)*RAT/a  la 
carte  system)  at  Twentynine  Palms,  California,  upon 
nutrient  consumption  and  nutritional  status  of  the 
Marine 


STUDY  NO.  6 


A before-and-after  series  of  nutrition  surveys  to 
evaluate  the  effects  of  modifications  to  Navy  food 
service  system  afloat  on  nutrient  Intake 


STUDY  NO.  7 


Investigation  on  the  effects  of  initiating  a central 
food  preparation  facility  upon  nutrient  consumption 
and  wastes  in  military  dining  facilities  (Fort  bee, 
Virginia) 


STUDY  NO.  8 


Evaluation  of  the  MCI  and  MRE  rations  as  the  sole 
subsistence  for  an  extended  period 


STUDY  NO.  9 Nutrient  intake  data  svstem — nutrient  factor  file 


STUDY  HO.  3.  A study  of  the  nutritional  impact  of  initiating  an  all 
BAS/a  la  carte  item  pricing  system  of  feeding  enlisted  personnel  was 
conducted  at  Loring  AFB,  Maine,  by  monitoring  average  food  intakes  and 
wastes  in  the  dining  hall  operating  under  the  conventional  system  and 
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again  after  the  new  system  was  in  operation  for  several  months.  Although 
percent  plate  wastes  were  reduced  with  item  pricing,  dining  hall  utili- 
zation was  also  reduced.  Customer  preference  for  the  short-order  type 
of  meal  was  increased  in  the  new  system,  but  may  have  been  related  to 
the  increased  variety  of  items  offered  in  the  a la  carte  system.  Fat 
consumption  (over  40 7.  of  the  calories)  was  excessive  in  both  systems. 
Although  the  average  consumptions  of  nutrients  per  meal  per  patron 
were  comparable  between  the  two  systems,  the  reduced  utilization  of  the 
dining  hall  operating  under  the  BAS/a  la  carte  system  may  have  reduced 
the  total  daily  intaVes  of  those  personnel  who  did  not  have  ready  ac- 
cess to  other  dining  facilities. 

I 1 

STUDY  no.  4.  A further  study  of  initiating  the  BAS /a  la  carte  item 
pricing  system  was  conducted  at  Naval  Air  Station,  Alameda,  California. 
This  study  consisted  of  three  surveys  — the  first  and  third  included 
17-day  average  food  consumptions  and  wastes  in  the  dining  facility,  and 
17-day  dietary  diary,  clinical,  biochemical  and  anthropometric  evalua- 
tions of  individual  sailors,  including  some  personnel  who  were  autho- 
rized and  some  who  were  not  authorized  subsistence  in  the  military 
facility.  The  second  survey  was  a 14-day  diary-interview  evaluation 
of  the  individual*' ' consumptions  to  provide  an  interim  report  on  the 
[ * nutritional  Impact  of  the  test  system.  Dining  hall  utilization  of 

rat ion s- in-kind  personnel  decreased  from  11. 67!  in  the  conventional  sys- 
tem to  11.17!  at  6 months  after  initiating  all  BAS,  and  8.47!  at  8 months 
after  its  initiation.  Further  data  reduction  and  analyses  are  ongoing. 

STUDY  NO.  5.  The  first  survey  of  the  study  of  improving  the  military 
feeding  system  of  the  U.S.  Marine  Corps  was  conducted  at  Twentynine 
Palms  MCB  during.  March  1977.  The  survey  consisted  of  measuring  food 
consumptions  in  two  dining  halls,  obtaining  dietary  diarv-interview 
data  for  total  nutrient  consumptions  during  14  consecutive  days  for  140 
Marines,  and  clinical/biochemical  nutritional  evaluations  of  these  per- 
sonnel. Several  inadequacies  of  both  dining  hall  and  total  daily  nu- 
trient intakes  of  Marines  were  identified  and  these  will  be  considered 
when  planning  menus  for  the  novel  feeding  concept  to  be  tested  at  this 
base.  The  nutritional  problems  include  excessive  fat  consumption  and 
less  than  optimum  intakes  of  vitamins,  iron,  and  calcium,  and,  in  some 
cases,  protein, 

STUDY  NO.  6.  The  study  of  nutrient  consumptions  of  Naval  personnel 
afloat  was  initiated  by  a 19-day  dietary  diary-interview  data  collec- 
tion for  203  sailors  during  July-August  1977.  Several  problems  related 
to  the  supply  of  milk  and  fresh  fruits  and  vegetables  were  readily  ob- 
served. Data  are  currently  being  prepared  for  computer  processing  for 
individuals'  Intakes  of  the  various  nutrients.  Recommendations  for 
improving  the  nutrition  of  the  sailor  at  sea  will  be  forwarded  to 
Natick  Research  and  Development  Command  to  be  incorporated  into  the 
test  feeding  system  afloat.  A second  survey  of  the  test  system  is 
planned  for  the  coming  year  to  evaluate  the  nutritional  impact  of  this 
system. 
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STimY  NO.  7.  A protocol  was  prepared  to  study  the  nutritional  influ- 
ences of  incorporating  a Central  Food  Management  System  (central  food 
preparation  and  satellite  dining  halls  for  serving)  as  the  future  mili- 
tary feeding  system.  This  system  is  currently  being  tested  at  Fort  Lee, 
Virginia. 

S*HTDY  NO.  R.  Another  protocol  was  prenared  to  determine  how  long  per- 
sonnel could  subsist  upon  present  and  future  combat  rations,  what  the 
effects  of  long-term  (up  to  90  days)  subsistence  on  rations  would  be, 
and  how  to  improve  or  supplement  these  rations  to  assure  that  person- 
nel's health  and  performance  would  not  be  detrimentally  affected  by  sole 
subsistence  on  rations.  These  studies  cannot  be  initiated  under  present 
budgetary  restrictions. 

STUDY  NO.  9.  A digital  computer-based  file  of  information  on  foods 
studied  in  nutrition  surveys  is  maintained  with  a system  of  computer  pro- 
grams entitled  "Nutrient  Intake  Data  System  - Nutrient  Factor  File" 
(NIDS-NFF).  The  file  is  referred  to  as  the  LAIR  Nutrient  Factor  File, 
and  contains  data  describing  food  items  and  defining  the  concentration 
of  nutrients  in  the  food  items.  The  system  allows  user  maintenance  of 
the  data  file  and  the  display  of  the  information  contained  on  the  file. 
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BODY  OF  RFPORT 


WORK  UNIT  NO. 

001 

Nutrition  Studies  In  Support  of  DOD 
Food  Program 

STUDY  NO. 

3 

Nutrition  survey  at  Loring  AFB, 
Maine 

PROBLEM 


\ 


A ntitritionnl  evaluation  of  the  basic  allowance  for  subsistence  (RAF)/ 
a la  carte  food  service  system  concept  was  conducted  at  Loring  AFB, 
Maine.  The  previously  existing  mixed  subsistence-in-kind  (FIK)/RAS 
system  was  evaluated  during  a 3-day  nutrition  survey  In  October  1°74, 
prior  to  Implementation  of  the  all  BAS/a  la  carte  system  at  Loring  AFB 
on  1 January  1975.  The  RAF/a  la  carte  system  was  evaluated  during  a 
subsequent  5-day  survey  conducted  during  Novemher  1075.  Dining  hall  at- 
tendance, ln-dlnlng-hall  nutrient,  and  food  type  consumption  data  of 
, the  average  patron  were  obtained  along,  with  information  regarding  the 

magnitude  of  plate  waste  during  both  survevs.  The  food  trays  of  all 
patrons  at  each  meal  were  photographed  to  enable  subsequent  computation 
of  nutrient  intakes  per  meal  of  individual  customers. 

RFS1TLTS  AND  DISCUSSION  OF  RESULTS 

An  Institute  Report  entitled  Nutritional  Evaluation  of  a BAS/a  la  Carte 
Food  Service  System,  Loring  AFB,  Maine,  has  been  drafted,  reviewed  by 
the  Publications  Review  Committee,  and  is  currently  being  revised  for 
final  submission  for  publication.  This  report  encompasses  all  aspects 
of  the  survey,  except  for  the  individual  food  tray  data  which  have  not 
been  evaluated  pending  development  of  computer  programs  to  reduce  data. 

CONCLUSIONS 

Conversion  to  the  BAS/a  la  carte  system  did  not  successfully  accomplish 
the  goal  of  attracting  more  customers  to  the  military  dining  hall.  Im- 
plementation of  the  BAS/a  la  carte  system  reduced  dining  hall  attendance 
at  breakfast  (197),  noon  time  (177),  and  supper  (257)  meals.  The  item- 
pricing component  of  the  new  system  successfully  reduced  the  plate  waste 
< (including  inedihles  such  as  bone)  of  milk  and  milk  products,  fish  and 

poultry,  grain  products,  beverages,  eggs  and  egg  products,  legumes  and 
nuts,  and  tomatoes  by  407  or  more.  A greater  variety  of  foods  was  of- 
fered at  the  short-order  lunch  line  under  the  new  system,  and  this  ex- 
panded menu  greatly  increased  customer  preference  for  the  short-order 
line.  Item-pricing  decreased  citrus  juice. consumption  at  midnight  and 
breakfast  meals.  The  BAS/a  la  carte  system  increased  ascorbic  acid  and 
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decreased  energy  Intakes  at  the  short-order  line  lunch  meal.  Thiamin 
Intakes  per  1000  Veal  improved  at  the  main-line  dinner  meal  under  the 
new  system,  but  no  improvement  was  noted  for  thiamin  per  1000  kcal  at 
the  short-order  lunch  meal.  Niacin  intakes  remained  lower  than  desired 
at  the  midnight  and  breakfast  meals.  The  percentage  of  calories  derived 
from  fat  sources  was  excessive  (greater  than  405!)  for  all  meal  periods 
under  both  systems. 

RECOMMENDATIONS 


The  SAS/a  la  carte  system  should  not  be  broadly  expanded  to  other  mili- 
tary installations  until  more  comprehensive  studies  have  been  conducted 
and  evaluated.  Specifically,  the  impact  of  the  observed  reduction  in 
dining  hall  utilization  on  the  nutritional  adequacy  of  the  total  dailv 
intakes  (both  inside  and  outside  dining  hall)  of  individuals  could  not 
be  determined  from  this  study.  It  is  uncertain  whether  young  military 
personnel  who  are  given  the  cash  equivalent  (ME)  of  the  food  provided 
to  them  as  subsistence-in-kind  will  obtain  and  consume  nutritional ly 
adequate  and  balanced  diets.  This  is  of  special  concern  because  the 
military  has  provided  the  individual  with  a limited  amount  of  cash  in- 
stead of  a meal  card  and  with  the  opportunity  to  eat  elsewhere  rather 
than  at  a military  dining  hall. 


STUDY  NO.  4 Nutrition  survey  of  the  Naval  Air 

Station,  Alameda,  California 

ADDENDUM  A Phase  IT  of  study  to  evaluate  chanpes  in  nutrient  In- 
takes after  renovation  of  dining  facility  and  initiation 
of  a la  carte  feeding  system 


ADDFNDIIM  H Phase  ITI  of  study  to  evaluate  the  biochemical  and 

clinical  indices  of  nutritional  status  and  survey  food  in- 
takes (in  dining  hall,  other  sources,  and  total)  of  sailor 
on  the  COMRAT  a la  carte  system 


PROBLEM 


The  Department  of  Defense  directed  all  services  to  test  the  all  COMRAT/ 
cash  a la  carte  feeding  concept.  The  Navy  Food  Service  System  Office 
submitted  a requirement  under  OPNAVTNST  1O00.26R  (AR  70-1)  for  an  evalu- 
ation of  the  Navy  feeding,  systems.  Natick  Army  Research  and  Development 
Command  (NARADCOM)  responded  to  this  requirement,  proposed  a test  of 
the  COMRAT/a  la  carte  system,  and  requested  an  evaluation  of  the  effects 
of  these  changes  upon  nutrient  consumptions  and  nutritional  status  of 
enlisted  personnel.  To  evaluate  these  effects  upon  nutrition,  a three- 
part  study  was  conducted  at  NAS-Alameda  (March  1075,  June  107A,  and 
August  1076). 

RESULTS  AND  PI ECU EE TON  OF  RFSULTS 

The  first  survey  was  conducted  to  obtain  baseline  data  upon  the 
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conventional  feeding  system  for  comparisons  of  future  changea.  It  In- 
cluded (a)  a 17-day  dietary  diary-interview  collection  of  individual 
food  consumptions  from  133  enlisted  personnel,  (h)  clinical  and  biochem- 
ical evaluations  of  211  enlisted  men,  and  (c)  a 17-day  survey  of  food 
consumptions  and  wastes  in  the  dining  hall.  The  second  survey  was  con- 
ducted to  provide  an  interim  report  to  the  Navy  on  the  changes  in  nutri- 
ent consumptions  of  sailors  after  initiating  the  RAR/a  la  carte  system 
and  was  conducted  by  a 14-day  dietary  dlarv-intervlew  collection  of  data 
for  154  men.  Results  of  these  comparisons  were  presented  in  the  1076 
Annual  Research  Progress  Report.  The  third  survey  was  conducted  after 
biochemical  and  clinical  indices  had  sufficient  time  to  stabilize.  It 
included  (a)  a 17-dav  dietary  diary-interview  collection  of  individual 
food  intakes  of  156  sailors,  (b)  clinical  and  biochemical  evaluations  of 
210  men,  and  (c)  a 17-day  survey  of  average  food  consumptions  and  wastes 
in  the  dining  hall.  The  diary-interview  data  of  the  third  study  con- 
firmed the  observations  of  the  second  survey,  and  it  was  found  that  util- 
ization of  the  dining  hall  by  RTK  personnel  was  reduced  to  8.4*  compared 
to  11.1*  in  .Tune;  attendance  had  been  31.6*  during  the  first  survey  when 
the  conventional  system  was  in  effect.  Processing  and  verification  of 
the  clinical  and  biochemical  and  in-dining  hall  data  have  been  completed, 
and  statistical  comparisons  and  evaluations  will  begin  immediately. 

CONCLUSIONS  AND  RFCOM^TENDATIONS 

1.  Conclusions  and  recommendations  of  F v 76  Annual  Research  Progress 
Report  were  confirmed. 

2.  Further  conclusions  and  recommendations  will  he  developed  for  the 
evaluations  of  the  data  presently  being  statistically  analyzed. 

STUDY  NO.  5 A series  of  nutrition  surveys  to 

evaluate  the  effects  of  changing 
feeding  systems  (to  an  all  COMRAT/ 
a la  carte  system)  at  Twentvnine 
Palms,  California  upon  nutrient  con- 
sumption and  nutritional  status  of 
the  Marine 


PRORLFM 

The  effects  of  changing  feeding  systems  upon  the  nutrient  consumptions 
and  nutritional  status  of  the  Marine  were  evaluated  to  assure  that  his/ 
her  military  capabilities  are  not  adversely  affected  by  poor  nutrition. 

Any  change  in  the  feeding  system  has  the  potential  of  influencing  the 
nutritional  status  of  personnel.  The  Marine  Corps  submitted  a require- 
ment to  the  T>0D  Food  RUT  & Eng  Program  for  an  analysis  of  the  food 
service  system  at  Twentvnine  Palms  MCR.  The  analysis  was  to  include 
alternatlvea  for  improving  this  system.  Operational  Research  snd  Sys- 
tems Analyses  Office  (OR/SA)  of  NARAPCOM  is  conducting  a test  of  a new 
syatem  (several  types  of  dining  facilities,  e.g.,  A ration  dining  halls, 
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short-order  dining  halls,  steak  houses,  and  specialty  houses  serving 
ethnic  foods).  The  test  ia  a multi-year  effort  with  individual  goals 
of  changing  decora  of  dining  facilities,  updating  kitchen  equipment  and 
cooking  methods,  modernising  serving  concepts,  and  evaluating  Marine 
Corps  operation  of  the  system  after  teat  personnel  have  relinquished 
control.  A definitive  evaluation  of  the  nutritional  impact  of  the  new 
system  upon  the  Marine  would  require  a aeries  of  surveys,  one  of  the 
conventional  system  for  control  data,  and  one  after  each  goal  has  been 
attained. 

RESULTR  AND  DISCUSSION  OF  RFSm.TS 


The  Initial  survey  to  obtain  control  data  from  the  conventional  feeding 
system  was  conducted  28  February-20  March  1077,  at  Twentynine  Palms  MOB . 
The  survey  included  individual  nutrient  consumption  data  for  14  consecu- 
tive days  from  340  Marines  (including  some  men  and  some  women);  average 
food  consumption  during  B days  in  a Force  Troops  dining  hall  and  7 days 
in  a Student  dining  hall;  and  clinical,  biochemical,  and  anthropometric 
evaluations  of  the  Marines  who  provided  individual  dietary  information. 
The  results  Indicated  that  the  average  meal  consumed  in  each  dining  hall 
contained  at  least  one-third  of  the  Daily  Dietarv  Nutrient  Allowances; 
however,  most  of  the  meals  contained  over  407!  of  the  calories  as  fat; 
the  concentrations  (based  on  calories)  of  iron  and  vitamin  A were  too 
low  in  most  meals;  concentrations  of  thiamin,  niacin,  and  ascorbic  acid 
were  low  in  some  meals;  and  total  plate  wastes  averaged  8.8  and  8 .87’  of 
the  amounts  served  in  the  two  dining  halls. 

Individual  nutrient  consumption  (from  food,  beverages,  and  nutrient  sup- 
plements) was  collected  from  five  selected  groups  within  the  Twentynine 
Palms  population,  i.e.,  three  Rationa-in-Kind  (RIK)  and  two  Commuted 
Rations  (COM)  groups.  These  were  composed  of  (a)  males  from  combat  and 
combat  support  units  (RIK-MC  and  COM-MC) ; (b)  males  from  student  and 
headquarters  units  (RIK-MR  and  COM-MR) ; and  (c)  females  from  student  and 
headquarters  units  (RIK-FR) . The  average  daily  nutrient  intake  for  all 
groups  is  shown  in  Table  1.  Table  2 presents  the  percentage  of  each 
population  with  average  daily  nutrient  Intakes  below  the  military  nutri- 
tional standards  (MPA) . Only  the  RIK-MR  group  met  the  energy  allowance; 
between  40-88X  of  all  populations  fell  below  the  MPA  for  iron,  vitamin  A, 
and  thiamin.  Other  nutrients  of  low  Intake  included  vitamin  C for  all 
groups;  calcium  for  the  COM-MC,  COM-MR,  and  RIK-FR  groups;  and  niacin 
for  RIK-MR  and  RIK-FR  groups.  All  groups  ate  only  about  two  meals  per 
day;  no  group  ate  more  than  half  its  meals  at  the  dining  hall.  On  the 
average,  the  meals  consumed  by  all  groups  at  the  dining  hall  were  nutri- 
tionally adequate,  although  iron  intake  was  low  for  the  females  and  the 
proportion  of  calories  from  fat  slightly  exceeded  the  allowance  for 
all  groups. 

CONCLIIRIONR 

The  average  meals  consumed  in  each  dining  hall  surveyed  contained  at 
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least  one-third  of  the  Daily  Dietary  Nutrient  Allowances;  however,  most 
the  meals  exceeded  the  < 4 07  of  calories  from  fat  standard,  and  the 
concentrations  of  iron  and  vitamins  (based  on  calories)  were  low  in  many 

ron«h*  ^ dlet*ry  diary-interview  data  indicated  that  Marines 

consumed  2.1  meals  per  day,  and  RTK  males  consumed  467,  females  *>4*  and 
commuted  rations  personnel  < 57  of  these  in  the  dininR  hall.  T a^a’pej- 

.(“P  to  ”*  of  the  f ™”»«1  for  certain 
con9u“e(,le98of  various  nutrients  than  the  military  recommended 
allowances  during  the  14  consecutive  days  of  study.  Even  when  the  aver- 
age  consumption  of  a group  of  Marines  was  adequate  by  military 

standards  (and  this  occurred  in  < 507  of  the  cases)  large  numbers  of  in- 
dividuals consumed  < 707  of  their  allowances. 


RECOMMFNDATIONS 


1.  The  fat  content  of  the  military  menu  should  be  reduced. 


2. 


More  food  with  higher  levels  of  vitamin  A, 
be  used  in  military  feeding. 


iron,  and  thiamin  should 


3.  It  should  be  investigated  whether  or  not  energv  needs  are  being  met 
at  the  observed  energy  intake. 

4.  An  educational  program  should  be  instituted  to  increase  awareness  of 
their  need  to  increase  their  total  daily  intake  of  protein,  vitamin 
A,  iron,  thiamin,  niacin,  and  vitamin  C.  Females  also  need  to  in- 
crease their  calcium  and  riboflavin  Intakes. 


5.  Iron  supplements  should  be  made  readily  available  to  the  female 
population  and  they  should  he  encouraged  to  use  them. 

6.  Personnel  should  be  encouraged  to  eat  in  the  militarv  dining  halls 
more  frequently  because  these  provide  nutritionally  adequate  meals 
more  consistently  than  meals  personnel  eat  elsewhere. 


* ° A before-and-af ter  series  of  nutrl- 

tion  surveys  to  evaluate  the  effects 
of  modifications  to  Navy  food  ser- 
vice systems  afloat  on  nutrient 
intake 

PROBLEM 

The  Department  of  the  Navy  requested  that  a study  be  conducted  aboard  a 
Forres tal  class  aircraft  carrier  to  define  the  problems  that  exist  with 
Navy  afloat  food  service  systems.  They  requested  that  qualitative  and 
quantitative  alternatives  to  the  existing  system  be  developed  to  achieve 
improvements  in  user  acceptance,  greater  efficiency  in  operations,  re- 
duced costs  and  manpower  requirements,  and  that  architectural  and  design 
concepts  be  proposed  to  improve  the  total  food  service  environment. 
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1.ATR  was  tasked  with  the  responsibility  of  conducting  studies  to  assess 
the  adequacy  of  the  nutritional  Intakes  of  Naval  personnel  in  shipboard 
situations,  both  prior  to  and  following  modifications  to  the  food  ser- 
vice system. 

RFSirLTS  Aim  discussion  OF  results 


A nutrition  survey  to  study  the  existing  Navy  afloat  food  service  sys- 
tem was  conducted  aboard  the  aircraft  carrier  USS  Saratoga  TV-60  during 
the  period  11  Julv  to  8 August  1977.  The  dailv  diarv-dietnry  interview 
technique  was  used  to  gather  total  daily  nutrient  intake  data  while  the 
USS  Saratoga  was  in  transit  from  Mayport,  Florida,  to  Rota,  Spain,  and 
during  the  initial  two  weeks  of  operational  deployment  in  the  Mediter- 
ranean Sea.  A total  of  1*1  dnvs  of  food  consumption  data  was  obtained 
from  201  enlisted  (F-f>  and  below)  personnel,  representing  a cross- 
section  of  the  entire  ship's  company  and  attached  air  wing  group.  In 
addition,  demographic  and  anthropometric  data  and  information  regarding 
work  hours,  temperature  in  work  and  berthing  areas,  and  level  of  physi- 
cal activity  were  obtained  from  each  participant. 

CONCLUSIONS 

Initial  impressions,  prior  to  reduction  and  careful  evaluation  of  the 
data,  indicated  that  the  nutritional  qualitv  of  the  food  that  was  offered 
and  readily  available  to  the  enlisted  sailor  was  not  always  adequate  to 
provide  him  with  the  optimal  amount  of  nutrients  to  perform  safelv  his 
arduous  and  oftentimes  hazardous  duties  in  a stressful  environment.  A 
number  of  problem  areas  were  identified  that  jeopardise  the  nutritional 
health  and  well-being  of  sailors  at  sea.  Due  to  limited  refrigerator 
and  freezer  storage  space,  the  ship  can  carry  onlv  a 6 to  5 day  supply 
of  fresh  milk,  and  resupply  occurs  only  when  the  ship  is  in  port.  The 
ship  was  resupplied  at  sen  with  fresh  fruits  and  vegetables  that  had 
been  procured  and  packaged  four  weeks  earlier.  Consequently,  all  of 
the  lettuce  was  rotten,  and  the  other  fresh  produce  had  greatly  deter- 
iorated. Limited  availability  of  refrieerat ed  drinking  fountains,  and, 
on  occasion,  contaminants  in  the  water  contributed  to  excessive  consump- 
tion of  sodas.  During  prolonged,  extensive  flight  operations  and  other 
similar  activities,  men  frequently  miss  meals  because  their  duty  re- 
quirements do  not  allow  them  the  time  to  stand  in  line  for  IS  minutes 
or  longer  to  g,et  a full  course  meal.  The  health  and  safety  of  the  man, 
his  equipment,  and  the  successful  accomplishment  of  his  mission  are 
jeopardized  when  the  man  is  required  to  work  continuously  for  8 to  16 
hours  without  the  opportunity  to  consume  a square  meal. 


RF.COMMFNDATIONS 


1.  Milk  should  he  made  available  to  the  crew  at  all  times.  This  could 
be  accomplished  by  more  frequent  resupply  at  sen,  by  increasing  re- 
frigerator and  freezer  space,  by  the  use  of  ultra-high-temperature 
sterilized  milk,  or  by  providing  sufficient  can  sterilization  equip- 
ment so  that  the  use  of  powdered  milk  could  be  expanded. 

20S 


w 


2.  Appropriate  corrective  measures  should  be  taV.en  to  assure  that  the 
•hip  Is  resupplied  with  fresh  fruits  and  vegetables,  and  not  with 
produce  that  has  been  procured  and  packaged  four  weeks  earlier. 

3.  Food  Service  should  use  beverage  base  powder  with  ascorbic,  acid  added 
instead  of  powder  without  ascorbic  acid. 

4.  The  number  of  refrigerated  drinking  fountains  should  be  Increased  to 
reduce  the  crew's  dependence  on  cold  sodas  an  the  most  readily  avail- 
able source  of  potable  drinking  fluid. 

5.  The  galleys  and  mess  decks  should  be  modified  to  speed  up  the  food 
delivery  process  and  thereby  reduce  the  time  a man  has  to  wait  in 
line  to  get  food. 

6.  There  is  a definite  need  to  offer  a dieter’s  plate  In  the  galley  or 
post  a suggested  dieter's  menu  at  the  beginning  of  each  serving 
line. 

STUDY  NO,  7 Investigations  on  the  effects  of 

initiating  a central  food  prep- 
aration facility  upon  nutrient 
consumption  and  wastes  In  military 
dining  facilities  (Fort  bee, 
Virginia) 


PROBLEM 


A proposal  was  prepared  to  evaluate  the  effects  of  a new  feeding  system 
upon  nutrient  consumptions  and  nutritional  status  of  military  personnel. 
Changes  In  military  feeding  systems  can  affect  the  nutrient  Intakes  and 
nutritional  status  of  personnel  in  several  ways.  Including  (a)  number 
of  meals  per  week  that  the  person  eats  in  the  military  dining  hall,  (b) 
the  nutritional  balance  of  the  menu  offered  by  the  dining  hall,  (c)  the 
selection  and  amounts  of  foods  served  to  or  taken  by  the  patron,  (d)  the 
amounts  of  these  foods  consumed  by  the  patron,  (e)  the  concentrations  of 
nutrients  in  the  consumed  foods  (as  affected  by  methods  of  preparation, 
storage,  and  serving  of  foods),  and  (f)  the  amounts  and  nutritional  ade- 
quacy of  foods  consumed  from  sources  other  than  the  military  dining 
facility.  A Central  Food  Management  System  (CFMR)  is  being  tested  by 
U.S.  Troop  Support  Agency  to  try  to  increase  economy,  efficiency,  and 
utilisation  of  military  dining  facilities.  This  system  incorporates  a 
centrallxed  food  preparation  facility  (C.FPP)  and  satellite  serving  facil- 
ities. If  the  concept  is  successful,  the  intent  is  to  expand  its  use 
throughout  the  Army,  and  possibly  to  other  services  where  it  is  applic- 
able. A study  of  the  nutritional  impact  of  the  test  should  be  conducted 
prior  to  its  acceptance  as  the  future  feeding  system. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

A protocol  has  been  prepared  and  submitted  to  MRDC;  however,  future 
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funding  guidance  precludes  initiation  of  the  study.  Design  of  the  study 
was  to  conduct  two  dining  hall  surveys,  one  before  and  one  after  initi- 
ating the  CFPF  concept,  including  determinations  of  amounts  of  foods 
used  by  the  kitchen,  wasted  in  the  kitchen,  served  to  the  average  patron, 
and  wasted  by  the  patron.  Each  survey  would  he  for  eight  days  in  two 
dining  halls  of  different  sizes  and  would  Include  data  on  the  age, 
height,  weight,  sex,  and  food  habits  of  the  patrons  of  the  dining 
facilities. 

CONCLUSIONS  AND  RECOMMENDATIONS 


Investigations  are  required  to  assure  that  the  health  and  military  capa- 
bilities of  the  personnel  are  not  adversely  affected  by  improper  nutri- 
tion before  the  CFMS  is  expanded  to  other  posts  and  services.  Many  of 
these  nutritional  effects  require  long  periods  of  time  to  develop  and 
to  be  detected.  Expenditures  of  funds  for  Incorporating  this  system 
at  various  military  bases  (these  would  be  larger  expenditures!)  should 
be  prevented  until  the  system  is  adequately  tested,  so  as  to  preclude 
additional  expenditures  to  correct  the  system  or  change  the  system. 

STtW  HO.  fi  Evaluation  of  the  MCI  and  MRE  rations 

as  the  sole  subsistence  for  an  ex- 
tended period 


PROBLEM 

No  long-term  study  has  been  conducted  on  the  use  of  either  the  present 
MCI  or  future  MRE  combat  ration  as  sole  source  of  subsistence;  however, 
military  contingency  plans  for  the  future  Include  this  concept.  Al- 
though each  meal  of  these  rations  contains  at  least  one-third  of  an 
adult's  allowance  of  all  known  required  nutrients  (excluding  water)  when 
procured,  both  rations  are  comprised  of  only  12  meals  and  long-term 
stability  of  some  vitamins  is  not  assured.  With  only  12  meals  avail- 
able (and  food  preferences  of  individuals  would  reduce  the  number  accept- 
able to  him  or  her),  the  menu  would  become  monotonous  and  total  nutrient 
consumptions  would  be  expected  to  be  drastically  reduced.  Deterioration 
of  labile  vitamins  could  result  in  nutritional  deficiencies  in  the  con- 
sumer that  would  adversely  affect  his/her  mental  and/or  physical  per- 
formance. Therefore,  it  is  imperative  that  this  study  be  conducted 
before  we  have  a military  operation  with  only  rations  available.  Ex- 
cessive casualties  due  to  inadequate  nutrition  may  compromise  the  entire 
operation. 

RESULTS  AND  DISCUSSION  OF  RESISTS 

A draft  protocol  has  been  prepared,  a coordination  meeting  was  conducted 
with  all  commands  involved,  and  MRDC  indicated  that  they  would  solve  the 
problem  by  rewriting  some  regulations  to  allow  long-term  use  o^  rations 
and  make  local  commanders  responsible  for  personnel  consuming  the  entire 
ration  for  as  long  an  required. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


A long-term  feeding  study  with  each  ration  as  the  sole  source  of  sub- 
sistence should  be  conducted.  Personnel's  food  consumption,  nutritional 
status,  body  weight  and  composition,  mental  and  physical  capacities,  and 
military  performance  of  duties  should  be  monitored.  This  study  should 
be  conducted  before  rations  are  accepted  as  the  only  food  available  dur- 
ing a military  operation. 


STUDY  NO. 


Nutrient  intake  data  system  - nutri- 
ent factor  file 


PROBLEM 


A nutrition  survey  includes  a detailed  monitoring  of  foodstuffs  consumed 
by  individuals  and  groups,  in  military  dining  facilities  and  away  from 
them,  both  from  observations  and  from  the  analysis  of  diaries  kept  by 
individuals.  The  analyses  of  these  data  require  the  use  of  a computer 
due  to  their  large  volumes  and  complexity.  To  effect  these  analyses, 
information  is  needed  about  the  foods  consumed.  A file  of  information 
on  foods,  both  from  handbooks  and  from  laboratory  analyses,  is  needed 
as  well  as  computer  programs  for  the  maintenance  of  the  file. 


RESULTS  AND  DISCUSSION  OF  RESULTS 


At  the  U.S.  Army  Medical  Research  and  Nutrition  Laboratory,  Denver, 
Colorado,  computer  programs  were  written  and  used  on  a second  generation 
digital  computer  for  the  maintenance  of  a file  of  data  on  foods  pat- 
terened  after  the  Department  of  Agriculture  Handbook  No.  8.  This  program 
served  well  for  the  design  of  a system  of  programs  to  maintain  a detailed 
file  of  information  which  describes  food  items  and  defines  the  concen- 
tration of  nutrients  contained  in  the  food  items.  These  data  are  derived 
from  standard  handbooks,  published  literature,  and  in-house  laboratory 
analyses.  The  variables  of  information  stored  on  file,  the  LAIR  NUTRI- 
ENT FACTOR  FILE,  are  detailed  in  Table  3. 


The  programs  which  maintain  and  display  the  data  file  are  entitled  the 
"Nutrient  Intake  Data  System  - Nutrient  Factor  File"  (NIDS-NFF) . These 
programs  operate  on  a Control  Data  Corporation  Model  7600/6600  digital 
computer  at  the  Lawrence  Radiation  Laboratories,  Berkeley,  California. 
They  allow  the  user  to  maintain  the  file  through  the  use  of  pre-printed 
keypunch  forms  so  that  he  can  add  food  items  or  data  on  existing  food 
items,  change  variables,  or  delete  data  from  the  file.  The  user  can 
print  various  combinations  of  data  from  the  file,  sorted  in  a number  of 
ways,  for  desk  use.  Classes  of  foods  can  be  retrieved  for  use  in  other 
computer  programs  as  well  as  format  the  entire  file  in  various  ways  for 
differing  types  of  programs.  For  example,  data  can  be  formatted  from 
the  file  for  use  by  programs  which  were  written  for  the  older  version 
of  the  nutrient  factor  file  while  programs  are  expanded  to  use  the  new 
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file  directly.  The  svstem  has  been  designed  for  ease  of  use  bv  the  ca- 
sual user,  thus  reducing  the  reliance  of  the  user  on  conputer  personnel. 

CONCLUSIONS  AMP  RFCQM»<r»*OATTPM<; 

1.  The  NIOS-NFF  programs  have  been  placed  in  routine  use. 

2.  Data  on  foods  collected  during  nutrition  surveys  should  be  filed  In 
an  orderly  nanner  on  the  I.ATP,  Nutrient  Factor  File. 

3.  Users  should  be  encouraged  to  make  use  of  the  data  contained  on  the 
file  in  their  user  programs. 
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AVERAGE  DAILY  NUTA1FNT  INTAKE^ 


MEAN  CALCULATED  FROM  IM5IVIDUAL  NUTRIENT  RATIOS 


I 


TABLE  2 

PERCENTAGE  OF  POPULATIONS 
WITH  AVERAGE  DAILY  NUTRIENT  INTAKES 
BELOW  MILITARY  NUTRITIONAL  STANDARDS1 
TWENTYNINE  PALMS  MARINE  CORPS  BASE 


NUTRIENT 

RIK-MC 

C0M-MC 

RIK-MS 

C0M-MS 

RIK-FS 

Energy 

75.0 

75.6 

56.1 

80.6 

64.3 

Protein 

67.3 

53.5 

31.6 

51.5 

71.4 

X Fat  Calories 

73.1 

59.3 

71.9 

55.3 

61.3 

Calcium 

30.8 

41.9 

17.5 

42.7 

57.1 

Phosphorus 

11.5 

7.0 

1.8 

6.8 

45.2 

Iron 

88.5 

67.4 

82.5 

56.3 

85.7 

Vitamin  A 

71.2 

61.6 

59.6 

61.2 

81.0 

Vitamin  C 

40.4 

47.7 

33.3 

35.9 

45.2 

Thiamin 

78.8 

64.0 

61.4 

62.1 

59.5 

Thiamin/ 1000  kcal 

78.8 

43.0 

78.9 

40.8 

61.9 

Riboflavin 

32.7 

37.2 

19.3 

39.8 

45.2 

Riboflavin/ 1000  kcal 

9.6 

9.3 

10.5 

3.9 

19.0 

Niacin 

44.2 

37.2 

49.1 

47.6 

54.8 

Niacln/1000  kcal 

19.2 

3.5 

36.8 

6.8 

45.1 

departments  of  the  Army,  the  Navy,  and  the  Air  Force.  AR  40-25/ 
BUMEDINST  I01I0.3E/AFR  160-95.  Medical  Services  Nutritional 
Standards.  Washington,  DC:  30  August  1976. 


TABLE  1 

CONTENTS  OF  T.ATR  NUTRTFNT  FACTOR  FTT.r 


Descriptive  Type  Information 


Food  item  number 

Food  description 
Meal  code 


- Identifies  the  food  with  unique 
identifying  number 

- Describes  the  food  item 

- A code  which  allows  the  investi- 
gator to  specify  a particular 
meal  in  a particular  survev 
where  this  food  was  collected 
for  analysis 


Supplemental  food  description  - Allows  additional  detailed  de- 

scription of  the  food  item 

- Aids  menu  analyses 

- Defines  the  type  of  food,  e.g., 
dairy  products,  fruits 

- Allows  more  detailed  definitions 
of  the  food  group,  e.g.,  citrus 
fruit,  dried  fruit 

- Describes  the  primary  use  for  the 
item,  e.g.,  entree,  dessert 

- Ts  unused  at  the  present  time  to 
allow  expansion  of  the  svstem 

Food  Preparation  Information 

Refuse  - Indicates  the  percent  of  the  food 

which  is  lost  during  preparation 

Preparation  type  - Defines  how  this  particular  entry 

in  the  file  was  prepared,  e.g., 
baked,  fried.  Data  are  included 
in  this  category  also  for  indirectly 
calculating  the  nutrient  concentra- 
tion of  foodstuffs,  as  recipes  with 
corrections  made  for  cooking  losses, 
e.g.,  due  to  heat  and  evaporation 

(NOTE:  All  the  remaining  data  in  the  file  are  concentrations  of  nutri- 
ents and  are  stored  with  a code  indicating  the  source  of  the  data,  e.g.. 
Department  of  Agriculture,  LAIR  analysis) 


Normal  serving  size 
Food  source  code 

Food  subgroup  code 

Course  code 

Spare  code 


Ash 


Minerals 


Calcium 

Copper 

tlickel 

Iron 

Manganese 

Cadmium 

Magnesium 

’'olybdenum 

Arsenic 

Thosphorous 

Selenium 

Mercury 

Potassium 

Chromium 

I.ead 

Sod lum 

Vanaditim 

Fluorine 

Zinc 

Chlorine 

Iodine 

Tin 

Silicon 

Four  spare  fields 
for  expansion  of 
mineral  data 

Vitamins 

Ascorhic  acid 

Retinol 

Vitamin  K 

Thiamin 

Alpha  Carotene 

Niacin  (total  activit 

Rihof 1 avin 

Beta  Carotene 

Pyridoxal 

Miactn 

Camma  Carotene 

Pvridoxine 

Pantothenic  acid 

Crvptoxanthin 

Pyridoxamine 

Vitamin  B^ 

Vitamin  B 

Folic  acid  (available 

Vitamin 

Vitamin  A 

,ritnmln  K activity 

Alpha  Tocopherol 

Expansion  of  vitamin 
data 

in  TU  and  in  Retinol 
equivalents 
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TABLE  3 


CONTENT  OF  LAIR  NITRIFNT  FACTOR  FILF  (Pont) 


Amino  Acids.  Dietary  Flher. 

and  Sucrose 

Tryptophan 

Histidine 

Proline 

Threonine 

Arginine 

Hydroxyproline 

Isoleucine 

Cysteine 

Serine 

Leucine 

Cystine 

Three  spare  fields 
for  the  expansion  of 
amino  acid  data 

Methionine 

Glycine 

Dietary  flher 

Phenylalanine 

Aspartic  acid 

Sucrose 

Valine 

Glutamic  acid 

Total  animal  protein 

Tyrosine 

Total  vegetable  protein 

Fatty  Acids 

Total  Saturated 
fatty  acids 

Polyunsaturated 
fatty  acida 

Cholesterol 

4:0 

18:2 

Phytosterols 

6:0 

18:3 

Total  animal  fat 

8:0 

18:4 

Total  vegetable  fat 

10:0 

20:4 

Total  monounaaturated 
fatty  acids 

12:0 

20:5 

14:0 

22:5 

16:1 

16:0 

22:6 

18:1 

18:0 

Polyunsaturated  to 
saturated  ratio 

20:1 

22:1 
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23.  (U)  Military  men  and  women  may  be  placed  in  stressful  situations  that  can  signifi- 
cantly alter  their  nutritional  requirements  and  Influence  their  military  effectiveness 
and  health.  One  general  objective  is  to  conduct  research  pertaining  to  the  adequacy  of 
military  diets  and  nutrient  requirements.  Intake  and  nutritional  status  of  all  military 
personnel.  The  investigations  are  aimed  to  provide  increased  knowledge  concerning 

(a)  nutritional  requirements,  (b)  nutrient  content  of  modern  military  foods,  and  (c) 
effects  of  certain  food  or  food  items  on  metabolism. 

24.  (U)  Through  use  of  animal  experiments  and  controlled  human  studies,  we  will  seek  to 
(a)  define  the  nutrient  requirements  of  military  personnel  in  terms  of  age,  sex,  and 
activity  levels;  (b)  establish  the  nutritional  parameters  essential  for  the  military  per- 
sonnel to  perform  with  maximum  physical  and  mental  capability  under  all  environmental 
and  military  stresses;  (c)  develop  methods  for  determining  nutrients  and  biochemical 
components  in  blood,  tissues,  urine,  and  foods  for  application  in  military  medicine, 
nutrition  surveys,  and  rations  studies;  (d)  develop  techniques  which  reflect  the  nutri- 
tional status;  (e)  determine  whether  or  not  various  stresses,  diseases,  or  injuries 
Increase  nutrient  requirement. 

25.  (U)  7b  10  - 77  09  Various  folate  radioassay  procedures  were  evaluated  with  the 
nicroblologlcal  assay  on  human  serum  and  whole  blood  samples.  Radioassay  procedures 
appear  satisfactory  for  use  on  serum  samples  but  difficulties  have  been  encountered  with 
rfhole  blood  samples.  Procedures  for  the  analysis  of  vitamin  C in  serum  and  blood 
samples  were  also  evaluated.  A serum  ferritin  assay  procedure  has  been  developed  and 
ipplied  to  military  surveys.  Trace  mineral  analytical  procedures  were  developed  and 
tpplled  to  foods  obtained  from  military  nutrition  surveys.  An  improved  erythrocyte 
:ransaminase  procedure  has  been  developed  for  assessing  vitamin  B-b  status. 
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PROJECT  NO,  3M762 7 7281 1 


WORK  UNIT  NO.  002 


Military  Nutrition  and  Food  Hygiene 

Nutritional  Requirements  of  Military 
Personnel  in  Health,  Injury  and 
Disease 


The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO,  l Requirements,  functions.  Interactions  and  metabolism 
of  ascorbic  acid  (vitamin  C) 

STUDY  NO.  2 Riboflavin  - metabolism  and  analytical  methods 

STUDY  NO.  4 evaluation  and  development  of  procedures  and 

techniques  for  the  assessment  of  the  trace  mineral 
nutritional  status  of  military  personnel 


STUDY  NO. 


Nutritional  iron  deficiency 


STUDY  NO. 


7 Techniques  to  evaluate  nutritional  status  of  humans 


STUDY  NO.  1.  1'valuations  of  three  methods  of  ascorbate  analysis 
demonstrated  that  onlv  the  2,4-dlnltrophenvlhydrazine  test  was  satis- 
factory for  the  determination  of  ascorbate  in  whole  blood  or  red  blood 
cells.  Ascorbate  depletion  and  repletion  in  Cynomolgus  monkeys  had 
little  effect  on  iron  or  copper  distribution,  drug  metabolism  or  the 
profile  of  urinarv  ascorbate  metabolites.  The  uptake  of  * **C-ascorbate 
in  platelets  and  red  blood  cells  was  somewhat  inversely  related  to  the 
plasma  ascorbate  status  of  the  animal.  After  monkevs  Ingested  1,4C-as- 
corbate,  the  feces,  (uncontaminated  by  urine),  had  measurable  amounts 
of  1 ‘•C-compounds.  Erythorhate  supplementation  had  little  effect  on  the 
parameters  measured,  except  to  decrease  the  half-life  of  antipvrine 
metabolism. 


STUDY  NO,  2.  Elavoprotelns,  one  specific  for  riboflavin  and  one  for 
flavin  mononucleotide,  have  been  Isolated  from  egg  whites  and  a micro- 
organism, respectively.  Studies  are  in  progress  to  establish  if 
fluorometrlc  titrations  with  purified  apoproteins  would  be  a quantita- 
tive and  sensitive  measure  of  flavins  in  biological  and  diet  samples. 

STUDY  NO.  A Procedures  have  been  developed  for  the  analysis  of 
trace  minerals  in  foods.  Foods  sampled  from  the  dining  facility  at 
the  Alameda  Naval  Air  Station  were  analyzed  for  copper,  zinc,  manganese, 
iron,  and  magnesium.  Dietary  Intakes  of  copper,  zinc,  and  manganese 
were  calculated  for  personnel  eating  at  the  above  dining  hall.  Intakes 
of  zinc  and  manganese  appeared  to  be  adequate.  However,  copper  Intakes 
in  general  were  below  the  2 mg/day  required  for  balance.  The  implica- 
tions of  marginal  copper  Intakes  are  not  known  at  this  time. 


STUDY  NO.  5.  Serum  ferritin  levels  were  measured  in  352  individuals 
(310  males,  42  females)  at  the  Twentynine  Palms  Marine  Corps  Base  as 
an  index  of  iron  stores.  Females  had  significantly  lower  levels  of 
serum  ferritin  than  males.  No  such  difference  was  found  for  serum  Iron, 
the  traditional  index  of  storage  iron. 

STUDY  NO.  7.  Four  commercially  available  folate  radioassay  kits  have 
been  tested  on  serum  and  whole  blood  samples  from  two  military  nutri- 
tion surveys  and  the  results  compared  with  those  obtained  with  the  use 
of  the  easel  assay.  The  serum  values  were  compatible.  The  Bio-Rad 
folate  radioassay  kit  is  recommended  as  an  acceptable  alternative  to 
the  microbiological  folate  assay  for  serum  samples.  However,  whole 
blood  values  differed  sufficiently  to  warrant  further  studies  before 
relying  on  the  radioassay  procedure  as  the  diagnostic  tool  for  red  cell 
folate. 
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WORK  UNIT  NO.  002  Nutritional  Requirements  of  Military 

Personnel  in  Health,  Injury  and 
Disease 

STUDY  NO.  1 Requirements,  functions,  Interactions 

and  metabolism  of  ascorbic  acid 
(vitamin  C) 


PROBLEM 


The  experiments  reported  in  this  study  were  Initiated  in  order  to 
advance  further  the  fundamental  knowledge  concerning  the  nutrition  and 
biochemistry  of  ascorbic  acid.  Research  is  needed  to  provide  Improved 
means  to  assess  the  ascorbate  adequacy  in  military  personnel.  Means 
for  assessment  must  be  sensitive,  relatively  fast  and  specific.  Un- 
fortunately, basic  information  on  the  mechanism  and  function  of  ascorbic 
acid  is  incomplete  and  fragmentary;  subsequently,  it  is  difficult  to 
recommend  intakes  of  ascorbate  to  military  personnel,  especially  under 
adverse  or  stress  situations.  Therefore,  basic  research  roust  be  under- 
taken to  provide  the  understanding  of  ascorbate's  biological  function. 
Research  should  include  the  metabolism  and  nutrient  interactions  as 
well  as  the  pharmacology  and  toxicology  of  ascorbate.  Once  some  insight 
into  these  functions  is  determined,  recommendations  of  ascorbic  acid 
intakes  can  be  made  for  optimal  health  and  performance  of  military 
personnel. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Cynomolgus  (M.  faslcularls)  monkey(s),  fed  a modified  Lieber  and  DeCarli 
diet,  demonstrated  a direct  relationship  between  the  amount  of  dietary 
ascorbic  acid  and  the  amount  of  ascorbic  acid  determined  in  whole  blood, 
plasma,  or  red  blood  cells  (RUC).  An  allowance  of  100  kcal  per  kg  of 
body  weight,  adequate  in  ascorbate,  seems  to  be  a generous  enough  food 
intake  in  the  maintenance  of  adult  monkeys.  Three  photometric  methods 
of  ascorbate  analysis  were  evaluated  in  monkey  plasma,  whole  blood  and 
RBC.  All  three  methods  were  comparable  for  plasma  ascorbate;  however, 
neither  procedure  using  Fe+3/ferrozine  reduction  or  2 ,6-dicholoroindo- 
phenol  (DCIP)  reduction  proved  as  satisfactory  as  2,4-dinitrophenylhy- 
drazlne  condensation  (DNPH)  in  the  specificity  of  whole  blood  or  red 
blood  cell  ascorbate.  In  contrast  to  guinea  pig  experiments,  supplemen- 
tation of  monkeys  adequate  in  ascorbate  with  isoascorbic  acid  twenty 
times  the  ascorbate  level  (10  mg/kg)  did  not  depress  total  blood 
ascorbate. 

Uptake  of  ascorbate  into  monkey  blood  cell  components.  Direct  DNPH 
measurements  of  ascorbic  acid  in  plasma,  RBC,  and  whole  blood  during 
ascorbate  depletion  and  repletion,  indicated  that  those  blood  values 
paralleled  the  dietary  treatment.  However,  indirect  measurements  of 
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huffy  coat  ascorbate,  i.e.,  the  difference  between  total  blood  ascorbate 
and  the  sunt  of  red  blood  cell  and  plasma  ascorbate,  suggest  that  this 
blood  fraction  retains  its  ascorbate  content  to  a greater  extent  than 
other  blood  fractions  during  ascorbate  depletion.  In  general,  isolated 
UlfC  and  platelets  in  vitro  have  an  inverse  relationship  between  ll4C- 
ascorbate  uptake  and  ascorbate  content.  The  linear  correlation  coef- 
ficients for  plasma  ascorbate  versus  UBC  and  platelets  are  -0.38  (P<0.005) 
and  -0.19  (P<0.1)  respectively.  There  appears  to  be  no  correlation 
between  plasma  ascorbate  and  white  blood  cell  ascorbate  uptake, 

-0.05  (P>0.1).  In  contrast  to  previous  reports  of  guinea  pigs  and  taking 
into  account  the  degree  of  data  scatter,  ascorbate  uptake  by  blood  cell 
components  does  not  seem  to  be  useful  in  the  determination  of  ascorbate 
status.  In  addition,  ervthorbic  acid  dietary  supplementation  had  no 
influence  on  the  uptake  of  ascorbate  in  isolated  blood  cell  components. 

Metabolism  of  ascorbate.  A single  oral  dose  of  1- l**C-nscorbate  to 
ascorbate  depleted  or  repleted  monkey,  resulted  in  the  excretion  of 
urine  that  presented  similar  carbon-14  chromatographic  profiles. 
Forty-eight  hours  after  the  label  was  fed,  the  diethvlaminoethyl 
cellulose  urinary  ascorbate  chromatographic  profile  was  shifted. 

Urine  samples  contained  at  least  six  labeled  metabolites  and  the 
neutral  fraction,  containing  any  free  ascorbate,  contained  less 
than  202  of  the  label.  Non-specificity  of  ascorbate  analysis  was 
illustrated  when  two  metabolites  could  be  detected  by  the  Fe+3/fer- 
rozine  reduction  and  five  were  detected  by  the  ONPH  method.  Contrary 
to  previous  studies,  the  feces,  uncontaminated  by  urine,  contained 
measurable  labeled  material  throughout  the  10  days  the  feces  were 
collected. 

Copper  and  Iron.  Copper  exists  normally  as  ceruloplasmin  in  plasma 
(80*  of  plasma  copper).  Ascorbate  depletion  and  repletion  had  no 
general  effect  on  monkey  ceruloplasmin.  Likewise,  ascorbate  depletion 
and  repletion  had  no  effect  on  iron  metabolism  as  determined  by  red 
cell  count,  hemoglobin,  hematocrit,  mean  corpuscular  volume,  reticu- 
locyte count,  and  serum  iron.  In  addition,  repletion  of  monkeys  with 
ascorbic  acid  and  supplemented  with  high  levels  of  ervthorbic  acid  had 
no  effect  on  copper  or  iron  parameters. 

Drug  metabolism  and  body  temperature.  No  significant  correlations  between 
levels  of  ascorbic  acid  in  plasma  and  sleeping  or  body  temperature  were 
observed  during  any  phase.  Further,  no  significant  correlation  between 
body  weight  and  sleeping  time  was  found.  These  results  are  consonant 
with  experimental  results  and  conclusions  found  in  the  scientific  liter- 
ature regarding  the  influence  of  ascorbic  acid  on  body  temperature. 
Although  no  influence  by  ascorbic  acid  on  ketamine  sleeping  time  was 
found,  the  duration  of  the  sleeping  time  is  influenced  not  only  by 
metabolism,  but  also  by  redistribution  factors  in  the  body.  The  influence 
of  ascorbic  acid  on  body  distribution  factors  was  not  assessed  in  this 
experiment;  but  the  experimental  results  suggest  bio-distribution  to  be 
the  major  factor  effecting  ketamine  sleeping  time. 
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Contrary  to  experiments  in  guinea  pigs,  ascorbate  depletion  and 
repletion  did  not  alter  antlpvrine  distribution.  However,  the 
additional  supplementation  of  erythorblc  acid  did  reduce  the  half-life 
of  antlpvrine  to  50?  of  that  found  when  the  monkev  was  in  an  ascorbate 
depleted  state.  In  contrast,  theophylline  metabolism  was  not  altered 
regardless  of  dietary  treatment.  Although  more  work  is  needed,  the 
findings  indicated  above  suggest  that  the  requirement  for  vitamin 
C for  drug  metabolism  in  monkeys  is  different  than  the  requirement 
in  the  guinea  pig  and  that  the  site  of  action  of  ascorbate  mav  be 
directed  more  toward  P-450  oxidation  than  P-448  where  theophylline 
is  acted  upon. 

CONCLUSIONS 


In  many  respects  the  role  of  vitamin  C in  monkeys  differs  from  that 
demonstrated  in  the  guinea  pig.  These  differences  Include:  the 
Influence  of  ascorbate  on  uptake  of  labeled  ascorbate  in  blood  cell 
components,  on  dtug  metabolism,  and  on  ascorbate  metabolism.  Because 
of  its  degree  of  sensitivity  and  specificity,  only  the  DNPH  method 
of  ascorbate  analysis  proved  useful  in  assessing  the  whole  blood  or 
RBC  ascorbate  status  in  the  depleted  state.  Ascorbate  status  did  not 
influence  plasma  copper  or  iron  levels;  however,  this  finding  is  not 
unusual  since  the  mineral  content  of  the  diet  was  adequate. 

RECOMMENDATIONS 

1.  Specific  methods  that  are  sensitive  and  fast  for  the  direct  measure- 
ment of  body  fluid  ascorbate  must  be  developed.  High  pressure  liquid 
chromatography  (HPLC)  appears  to  be  an  approach  worthy  of  investigation. 

2.  Experiments  need  to  be  designed  to  understand  further  and  to  define 
the  difference  in  ascorbate  utilization-metabolism  in  the  monkev  versus 
the  guinea  pig,  and  to  determine  how  useful  the  monkey  model  can  be 
extrapolated  to  man. 

3.  The  mechanism  of  action  of  ascorbate  and  lsoascorbic  acid  in  monkev 
hepatic  drug  metabolism  should  be  clarified. 

4.  The  influence  of  ascorbic  acid  on  marginal  intakes  of  copper  and/or 
iron  needs  to  be  determined. 

5.  Urinary  and  fecal  ascorbate  metabolites  should  be  Isolated  and 
identified. 

6.  The  role  of  ascorbic  acid  in  body  temperature  control  in  thermally 
stressed  animals  must  be  determined. 
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PROBLEMS 


During  military  surveys  the  riboflavin  nutritional  status  of  personnel 
is  measured  by  enzymatic  or  microbiological  assay;  however,  it  is  dif- 
ficult to  measure  the  severity  of  the  deficiency.  The  microbiological 
assay  for  riboflavin  in  biological  and  diet  samples  is  time  consuming 
and  can  be  non-specific.  A quick,  sensitive  and  direct  measure  of  ribo- 
flavin and  flavin  nucleotides  would  be  desirable.  Recently,  two 
f lavoproteins  have  been  Isolated,  one  which  is  specific  to  riboflavin 
and  the  other  to  flavin  mononucleotide.  The  fluorescence  of  the  flavins 
Is  quenched  when  the  apoprotein  combines  with  an  equimolar  concentration 
of  its  flavin.  Few  compounds  exhibit  fluorescence  similar  to  the  flavins; 
therefore,  a fluorometric  titration  of  biological  or  diet  extracts  using 
known  amounts  of  the  apoenzyme  should  provide  a quantitative  measure 
of  riboflavin  and  flavin  mononucleotide.  The  flavin  dinucleotide  is 
enzymatically  hydrolyzed  to  the  flavin  mononucleotide  for  measurement. 

RESULTS  AND  DISCUSS  ION  OF  RESULTS 


The  egg  white  apoprotein  specific  for  riboflavin  has  been  purified 
and  initial  studies  suggest  that  fluorometric  titration  with  the  apo- 
protein quantitatively  measures  urinary  riboflavin.  The  microorganism 
containing  the  flavin  mononucleotide  specific  apoprotein  was  obtained 
after  considerable  delay  from  an  Investigator  in  Germany.  Purification 
of  this  protein  is  being  studied.  Progress  on  the  study  has  been  cur- 
tailed by  the  loss  of  a technician  during  the  first  quarter  of  the  year. 

CONCLUSION 


The  egg  white  apoprotein  has  been  purified  and  will  be  used  to  develop 
a procedure  to  measure  urinary  riboflavin  quantitatively. 

RECOMMENDATIONS 


Investigations  to  purify  the  flavin  mononucleotide  specific  apoprotein 
should  be  continued.  It  should  be  determined  if  the  two  flavin  apopro- 
teins can  be  used  as  the  basis  for  quantitative  fluorometric  titration 
assays  of  riboflavin  in  biological  and  diet  extracts.  These  procedures 
should  be  compared  with  the  microbiological  riboflavin  assay. 

STUDY  NO.  4 Evaluation  and  development  of 

procedures  and  techniques  for  the 
assessment  of  the  trace  mineral 
nutritional  status  of  military 
personnel 
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Little  Is  known  about  the  trace  element  requirements  of  man  or  current 
dietary  Intakes  of  these  elements.  Rapid  changes  In  food  resources  and 
food  processing  portend  alterations  In  the  levels,  ratios,  and  availa- 
bility of  essential  mineral  elements  in  military  feeding  systems. 

Thus,  it  is  Important  to  know  the  requirements  and  levels  of  essential 
trace  minerals  in  foods  consumed  by  the  military  in  order  to  assure 
optimum  performance,  health  and  recovery  from  injurv. 

RESULTS  .VII)  DISCUSSION  OF  RESULTS 

A procedure  has  been  developed  for  the  analysis  of  various  trace 
minerals  In  foods  sampled  from  military  feeding  systems.  The  food 
samples  were  homogenized  to  milkshake  consistency  by  adding  a measured 
amount  of  water  as  necessary.  The  samples  were  then  freeze  dried. 
Because  of  the  lack  of  an  adequate  hood  system,  samples  were  ashed  in 
a low  temperature  asher  where  excited  oxygen  radicals  were  passed  over 
the  samples.  The  ash  was  then  dissolved  in  10  ml  of  0.05  N UNO 3 and 
the  mineral  elements  determined  by  atomic  absorption  spectrometry. 

With  the  use  of  tills  procedure,  excellent  agreement  was  obtained  in  the 
analyses  of  the  National  Bureau  of  Standards  of  bovine  liver  and  orchard 
leaf  standards  for  copper,  zinc,  manganese,  and  magnesium. 

Over  250  different  food  items,  sampled  from  the  serving  line  at  the 
mess  hall  at  the  Alameda  Naval  Air  Station  have  been  analyzed  for 
copper,  zinc,  manganese,  magnesium,  and  iron  by  the  above  procedure. 
Where  comparison  could  be  made,  there  was  reasonable  agreement  with 
literature  values.  These  values  are  currently  being  placed  In  the 
LAIR  nutrient  factor  file. 

Intakes  of  copper,  zinc,  and  manganese  have  been  calculated  for  per- 
sonnel attending  the  Alameda  Naval  Air  Station  cafeteria  during  the 
initial  survey  of  March  1975.  Oata  obtained  under  Work  Unit  001 
relating  to  average  dining  hall  Intakes  and  dietary  recall  records  of 
selected  individuals  were  combined  with  the  above  data  for  these 
calculat ions. 

Average  zinc  Intakes  of  about  20  mg/person/dav  and  manganese  intakes 
of  2.5  mg/person/dav  compared  favorably  with  estimated  requirements  of 
15  mg/day  for  zinc  and  2.5  mg/day  for  manganese.  However,  about  70Z 
of  the  individual  dally  intakes  of  manganese  were  below  2.5  mg/day. 
Average  copper  intakes  of  about  1.7  mg  per  day  were  significantly 
below  the  2.0  mg  per  day  considered  necessary  for  balance.  It  was 
estimated  that  757.  of  the  individual  daily  intakes  were  below 
2.0  mg/person/dav.  Copper  is  essential  for  collagen  and  elastin 
synthesis,  combating  Infections  and  many  oxidase  type  enzymes.  Defi- 
ciencies In  any  of  the  above  may  Impair  recovery  from  injury  and  could 
Impair  optimal  performance. 
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It  is  not  known  at  this  time  the  full  significance  of  the  marginal 
copper  Intakes  found  in  the  above  study. 

RECOMMENDATIONS 

1.  The  data  base  for  trace  mineral  contents  of  foods  should  be 
expanded  to  cover  more  food  items  and  other  essential  and  toxic  minerals. 

2.  Other  military  populations  need  to  be  surveyed  as  to  their  trace 
mineral  Intakes  in  order  to  determine  if  potential  problems  exist  re- 
lating to  trace  element  nutriture. 

3.  The  effects  of  marginal  or  low  Intakes  of  various  essential  trace 
minerals  on  performance  and  recovery  from  injury  should  be  more  thoroughly 
Invest igated. 

A.  Human  requirements  for  the  essential  trace  minerals  need  to  be  more 
carefully  defined,  particularly  under  various  stress  situations. 

STUDY  NO.  5 Nutritional  iron  deficiency 

PROBLEM 


Results  from  several  nutrition  surveys  of  military  installations  Indicate 
that  approximately  3S  of  males  and  1AX  of  females  have  serum  iron  levels 
below  acceptable  limits.  However,  serum  iron  measurements  may  not 
adequately  detect  lowered  stores  of  iron  in  the  body.  Recently,  serum 
ferritin  has  been  shown  to  be  a better  index  of  iron  stores  than  serum 
iron.  Such  a measurement  is  necessary  in  the  military  setting  since  there 
is  evidence  that  iron  deficiency  without  accompanying  anemia  may  lead 
to  impairment  of  muscle  function. 

The  objective  of  this  study  was  to  assess  the  iron  storage  of  military 
populations  by  means  of  ferritin  analysis  and  to  study  those  factors 
in  the  diet  which  Influence  iron  absorption  and  metabolism. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

A commercial  kit  (Ferr-Iron,  Ramco,  Inc.)  was  evaluated  and  found 
suitable  for  the  purpose  of  measuring  ferritin  in  human  serum.  Serums 
from  the  Twentvnlne  Palms  Marine  Corps  Base  nutrition  survey  were 
analyzed.  There  were  312  males  and  A2  females  in  the  subject  population. 
Ferritin  data  alonR  with  other  parameters  of  iron  status  are  presented 
in  Table  1. 
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VARIOUS  IRON  STATUS  INDICATORS 

MALES  FEMALES  SIGNIFICANCE 


Hemoglobin  (g/dl) 

17.1  ♦ 

l.l1 

14.9 

♦ 

1.22 

<.01 

Hematocrit 

48.1  * 

2 .6 1 

41.0 

± 

2.62 

<.01 

Mean  Corpuscular 

Hemoglobin  Concent 

35.2  ♦ 

1.61 

35.7 

♦ 

1.42 

<.05 

Serum  Iron  (ug/dl) 

107  i 

36  3 

103 

♦ 

452 

NS 

Total  Iron  Binding 

Capacity  (ug/dl)) 

352  1 

39  3 

395 

♦ 

632 

<.01 

2 Total  Iron  Binding 

Capacity  Saturation 

30.7  ± 

10. 73 

26.5 

♦ 

11. 02 

<.01 

Serum  Ferritin  (ng/dl) 

62s (3-J 

37)4,6 

165(14- 

-266)2’6 

<.01 

‘n-312,  2N  - 42,  3N"311 , 

4N  - 310, 

5Geometric  mean,  695 

percentile 

range 


Preliminary  examination  of  the  data  indicates  that  the  female  popu- 
lation has  a significantly  lower  serum  ferritin  level  than  the 
male  population  (16  ng/ml  vs  62  ng/ral) . No  such  difference  was  seen 
for  serum  iron  in  the  subject  population.  The  value  of  16  ng/ml  for 
females  is  borderline  low  for  the  female  population  and  may  indicate 
a risk  for  female  troops  with  respect  to  iron  stores. 

While  males  have  significantly  greater  levels  of  hemoglobin  and 
higher  hematocrit  values,  the  female  population  has  a slightly,  but 
significantly  higher  mean  corpuscular  hemoglobin  level, 
which  may  indicate  an  adaptive  measure  to  insure  adequate  oxygen 
supply  to  the  tissues. 

CONCLUSIONS 


Since  analysis  of  the  data  is  Incomplete  at  this  time,  firm  conclusions 
cannot  be  drawn.  However,  it  is  already  apparent  that  serum  ferritin 
levels  more  readily  detect  marginal  iron  status. 

RECOMMENDATIONS 


Further  work  needs  to  be  performed  to  establish  the  Incidence  of 
lowered  iron  stores  in  military  populations  and  to  assess  the  ability 
of  this  parameter  to  indicate  the  severity  of  the  nutritional  deficiency. 
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Lowered  iron  stores,  especially  in  the  case  of  dietary  deprivation  of 
meat  protein,  may  result  in  some  individuals  being  unable  to  perform 
at  required  levels  under  the  stress  of  battle  situations. 

Further  analysis  of  the  data,  especially  correlations  of  serum  ferritin 
levels  with  dietary  iron  intake,  may  indicate  whether  the  lower  fer- 
ritin levels  are  due  to  low  iron  intake  or  represent  a lowered  iron 
absorption  rate.  While  females,  especially  at  the  age  of  most  women 
in  military  service,  and  young  males  have  generally  lower  indicies  of 
iron  status  than  the  adult  male  population,  little  is  known  about  the 
effect  of  such  a deficiency  on  work  performance.  The  first  step  in 
assessing  this  problem  is  to  establish  the  extent  of  nutritional  iron 
deficiency  in  military  populations. 

STUDY  NO.  7 Techniques  to  evaluate  nutritional 

status  of  humans 
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PROBLEM 

The  purpose  of  this  study  was  to  evaluate  and  improve  current  methods 
for  assessing  folic  acid  nutritional  status.  Microbiological  assays 
for  serum  and  red  cell  folate  have  been  used  traditionally,  but  recently 
several  commercial  folate  radioassay  kits  have  become  available.  Al- 
though they  are  becoming  widely  employed,  their  diagnostic  reliability, 
particularly  with  respect  to  red  cell  folate,  has  not  been  established. 
The  purpose  of  the  first  experiment  was  to  compare  several  kits  with 
the  _L,  casei  method  which  has  already  been  established  as  a diagnostic 
tool. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Four  commercially  available  folate  radioassay  kits  (Bio-Rad,  New  England 
Nuclear  (NEN),  RIA  Products,  and  Amersham)  have  been  tested  on  whole 
blood  and  plasma  samples  from  Alameda  III  and  Twentynine  Palms  military 
nutrition  surveys.  The  data  from  each  assay  have  been  compared  with 
those  obtained  from  the  L.  casei  "reference"  method  by  statistical 
procedures,  including  scatter  plots,  regression  lines,  correlation 
coefficients,  and  analysis  of  variance. 

The  radioassay  procedures  offer  the  advantages  of  speed,  technical  ease 
and  the  fact  that  they  are  less  affected  by  antibiotics  or  other  drugs 
which  may  be  present  in  human  blood  samples.  In  addition,  these  assays 
respond  to  the  conjugated  vitamin  as  well  as  to  the  monoglutamate,  in 
contrast  to  the  L.  casei  method  which  requires  1 to  2 h incubations  to 
release  red  cell  folate. 

Serum  Analyses.  All  kits  except  NEN  yielded  results  compatible  with  the 
L.  casei  assay.  The  NEN  kit  values  were  approximately  25%  low  and  did 
not  correlate  well  with  the  L.  easel  method  (r  * 0.52).  The  Bio-Rad 
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kit  was  found  to  give  the  heat  agreement  with  the  mlerohiologicn  1 assay; 
the  means  were  not  statistically  different  and  r * 0.8b.  The  KTA  Pro- 
ducts kit  yielded  reasonable  results,  but  was  found  less  acceptable  for 
technical  reasons,  ihi  the  basis  of  a limited  number  of  serum  samples, 
the  Araersham  kit  appeared  to  be  acceptable.  The  latter  two  kits  were 
both  designed  for  serum  analyses  and  were  therefore  not  tested  on  whole 
blood  samples. 

Whole  Blood  Analyses.  The  values  obtained  with  both  the  MEN  and  Bio-Rad 
kit  differed  significantly  from  those  of  the  JL.  easel  assay  (and,  from  each 
other).  The  NEN  kit  was  again  found  to  be  unacceptable.  Better  agreement 
was  obtained  with  the  Bio-Rad  kit,  although  there  were  many  discrepancies. 
Both  the  mean  and  the  range  of  95%  of  values  wore  significantly  higher 
bv  the  Bio-Rad  assay  compared  with  the  h.  easel  values.  If  the  lower 
limits  for  "normal"  and  "marginal"  values  are  slightly  adjusted  upward 
for  the  Bio-Rad  assay  to  compensate  for  the  higher  average  values,  there 
still  remain  discrepancies  as  to  whether  individual  samples  are  "deficient" 
or  not.  In  order  to  assess  the  relative  diagnostic  potential  of  the  two 
assays,  it  will  be  necessary  to  compare  them  witli  samples  from  animals 
(and  humans)  as  they  are  made  progressively  folate  deficient  under 
controlled  conditions. 

C0NC1  (IS  IONS 

The  radloassav  procedures  (in  particular,  the  Bio-Had  kit)  were  found 
to  agree  well  with  the  L.  easel  assay  for  serum  folate.  However,  dis- 
crepancies were  found  in  the  whole  blood  analyses  and  thus  the  diagnostic 
capability  of  the  kits  cannot  be  assumed  for  reel  cell  folate.  Although 
the  radloassav  procedures  are  potentially  useful  for  red  cell  folate 
analyses,  further  studies  are  needed  on  samples  from  subjects  with  known 
folate  status  and  under  controlled  conditions  of  dietary  folate  Intake. 

KEC0MHKH0ATHV1S 

Because  of  technical  advantages  and  a greater  sample  handling  capacity, 
the  Bio-Rad  folate  radloassav  kit  is  recommended  as  an  acceptable  alterna- 
tive to  the  microbiological  assay  for  future  serum  folate  analyses  at 
this  Institute.  However,  further  studies  are  needed  to  establish  j.h« 
reliability  and  diagnostic  value  of  the  kit  for  the  analysis  of  whole 
blood  folate. 
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23.  (U)  The  objectives  are  to  develop  and  adapt  new  concepts  in  analytical  biochemistry 
to  provide  reliable  and  advanced  procedures  and  services  to  military-oriented  research 
programs  at  LAIR  and,  on  occasion,  to  approved  cooperating  agencies;  to  innovate  or 
develop  analytical  procedures  to  meet  specific  needs  of  such  research  as,  for  example, 
the  development  of  micro-automated  assay  procedures  for  enzymes  related  or  altered 
during  nutritional  deficiencies,  disease  states,  or  stress  conditions;  to  develop  pro- 
cedures applicable  to  military  nutrition  surveys,  ration  test  studies,  and  food 
wholesomeness  evaluations. 

24.  (U)  Analytical  support  will  be  provided  to  studies  in  military  medicine  requiring 
routine  analyses  in  volume  or  unique  equipment  and  special  techniques  for  assays  of 
physiological  specimens  obtained  during  military  nutrition  surveys  or  field  studies. 
Specific  analyses  will  be  originated  or  adapted,  as  required,  to  meet  the  needs  of 
specific  studies  and  to  Improve  the  economy  and  efficiency  of  laboratory  operations. 
Research  will  be  conducted  on  a continuing  basis  in  support  of  the  objectives  Indicated 
to  provide  new  methods.  Whenever  feasible  and  practical,  the  methods  will  be  automated 
and  linked  to  computer  systems. 

25.  (U)  76  10  - 77  09  Analytical  support  requiring  approximately  28,000  analyses  was 
provided  to  46  research  projects  from  6 departments  at  LAIR.  A procedure  for  deter- 
mining serum  ascorbic  acid  was  developed  for  use  on  a centrifugal  fast  analyser.  Inter- 
method evaluations  were  made  on  procedures  for  serum  calcium,  magnesium,  and  ascorbic 
acid. 
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ABSTRACT 


PROJECT  NO.  3M762772A811  Military  Nutrition  and  Food  Hygiene 

WORK  UNIT  NO,  003  Analytical  Biochemistry 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Analytical  support  and  services 

STUDY  NO.  2 Development  of  analytical  biochemistry  procedures 

STUDY  NO.  1.  Analytical  support  requiring  31,395  individual  analyses 
was  provided  to  46  research  projects. 

STUDY  NO.  2.  A method  for  determining  serum  ascorbic  acid  employing 
dye  reduction  was  adapted  to  the  centrifugal  analyzer.  Significant 
improvements  were  implemented  in  the  amino  acid  and  centrifugal  analy- 
zer systems. 


BODY  OF  RKPORT 
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WORK  UNIT  NO.  00 i 
STUDY  NO.  1 

i’ROBIJJM 


Analytical  Biochemistry 
Analytical  support  anil  services 


Cliemical  analysis  of  various  physiological  specimens  and  diet  or 
ration  items  is  a fundamental  adjunct  to  the  majority  of  the  research 
objectives  of  the  many  research  protocols  active  at  LAIR.  The  Ana- 
lytical Biochemistry  Branch  has  the  responsibilities  for  providing 
service  to  the  investigating  staff  in  the  form  of  automated  analyses 
and  special  chemistries. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


The  Branch  provided  support  to  46  research  projects,  including  two 
field  studies,  which  resulted  in  a total  of  31,395  automated,  semi- 
automated,  and  manual  analyses.  These  analyses  were  distributed  by 
type  as  follows: 

Analytical  Service  Number  of  Analyses 

Blood  Chemistry: 

(1)  Automated  electrolytes,  glucose, 
total  protein,  urea  nitrogen, 
creatinine,  iron,  cholesterol, 
triglycerides,  vitamin  C,  lactate, 
pyruvate,  uric  acid,  hemoglobin, 


and  various  enzymes  21,845 

(2)  Semi-automated  lipid  phosphorus  and 

total  iron  binding  capacity  789 

(3)  Manual  catecholamines  627 

Urine  Chemistry: 

(1)  Automated  electrolytes,  creatinine, 

urea  nitrogen,  and  hydroxyproline  5,375 

(2)  Semi-automated  methylmalonic  acid  502 

(3)  Manual  catecholamines  and  xanthurenic 

acid  846 

Food  and  Tissue  Chemistry: 

(1)  Semi-automated  minerals  55 

(2)  Manual  proximate  analyses  624 

Special  Chemistry: 

Amino  Acids  732 
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These  analyses  were  distributed  among  the  Departments  as  follows: 
Surgery,  37.4%;  Nutrition,  27.8%;  Medicine,  17.5%;  Comparative  Medi- 
cine, 13.2%;  Biomedical  Stress,  3.8%;  and  Dermatology,  0.3%,  The  two 
field  studies  (Work  Unit  001,  Nutrition  Studies  in  Support  of  DOD 
Food  Program)  required  7,041  analyses. 

CONCLUSIONS 

Although  branch  staffing  was  reduced  to  80%  of  the  previous  level  at 
the  beginning  of  the  fiscal  year,  it  managed  to  service  promptly  all 
requests  for  analyses  which  were  or  could  be  automated.  The  auto- 
mated analysis  load  increased  99%  over  the  previous  year. 

The  output  of  semi-automated  and  manual  analyses  decreased  to  about 
70%  of  the  level  of  last  year.  A considerable  backlog  has  developed 
because  the  deficiencies  mentioned  last  year  still  exist  (i.e.,  lack 
of  perchloric  acid  hood  and  required  hooding  of  solvent  extraction 
systems)  and  another  hood  had  to  be  removed  from  service  in  March  due 
to  unresolved  engineering  problems  in  the  central  exhaust  system. 

The  backlog  of  samples  requires  14,787  analyses,  roost  of  which  must 
be  carried  out  in  hooded  areas  of  either  type.  It  is  estimated  that 
these  analyses  would  require  450  man-days  of  effort. 

The  overall  analytical  output  increased  69%  over  last  year. 

RECOMMENDATIONS 

Knowledge  of  the  concentration  of  various  constituents  of  physiological 
and  diet  specimens  is  essential  to  the  conduct  of  mission-oriented 
research  programs  of  the  Institute.  It  is  recommended  that  the 
Analytical  Biochemistry  Branch  continue  to  function  as  the  central 
resource  for  such  support.  Elimination  of  the  cited  deficiencies  and 
reduction  of  the  backlog  should  be  prime  goals;  however,  the  additional 
loss  of  two  technician  positions  as  the  fiscal  year  closed  presents  a 
serious  obstacle  to  progress. 
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procedures 
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PROBLEM 


Automation  or  simplification  of  analytical  procedures  is  required  to 
expand  analytical  support  capabilities  and  maintain  operational  effi- 
ciency. Improvement  of  method  quality  is  a continuous  concern  and 
Innovation  of  procedures  is  occasionally  required.  Staff  must  be 
prepared  to  advise  investigators  on  analytical  approaches. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


The  automated  amino  acid  analyzer  was  retrofit  with  hardware  and  soft- 
ware improvements  providing  greater  dynamic  range,  improved  peak  area 
counting,  simultaneous  440  and  590  nm  baseline  monitoring  and  post 
analysis  normalization  on  the  basis  of  an  internal  standard. 

The  centrifugal  analyzer  was  retrofit  with  hardware  and  software 
improvements  providing  improved  thermal  control  in  the  cuvette  housing 
enabling  rapid  temperature  adjustment  and  early  absorbance  readings 
witn  zero-time  extrapolation  to  enable  background  blanking  adjustments. 

The  dye  reduction  method  for  ascorbic  acid  was  adapted  to  the  centrifugal 
analyzer.  Values  obtained  on  the  same  samples  by  this  and  the  continuous 
flow  method  have  been  collected  for  statistical  evaluation. 

Values  for  calcium  and  magnesium  determined  by  a photometric  centrifugal 
analyzer  method,  a photometric  continuous  flow  method  and  atomic 
absorption  on  the  same  samples  have  been  collected  for  statistical 
evaluation. 

CONCLUSIONS 


The  equipment  retrofit  additions  have  significantly  improved  the 
performance  and  operational  efficiency  of  the  system  involved. 

Intermethod  comparisons  are  needed  to  determine  if  substitutions  in 
methods  can  be  made  to  meet  contingencies  such  as  system  failure  and 
sample  size  restrictions. 

RECOMMENDATIONS 


Continuous  monitoring  of  operations  with  the  objectives  of  automating, 
and  improving  efficiency  and  quality  of  performance  is  required. 

PUBLICATIONS 

SAUBKRLICM,  M.,  W.C.  OOAD,  .1.11.  SKALA,  AND  P.P.  WAR  INC.  Procedure 
for  mechanized  (continuous-flow)  measurement  of  serum  ascorbic  acid 
(vitamin  C) . Sel  Meth  Clin  Chem  (In  press) 
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23.  (U)  The  objectives  are  to  raonitor  the  microbiological  quality  of  food  items  through 
laboratory  analysis;  to  review  the  literature  for  trends;  to  report  findings;  to  deter- 
mine toxicological  quality  of  foods;  to  establish  suggested  guidelines  for  items  of 
potential  health  hazard;  to  review  wholesomeness  and  safety  requirements  for  DoD  pro- 
cured subsistence  and  to  make  recommendations  to  OTSG:  to  evaluate  and  develop  new  and 
existing  methodology  and  equipment  in  the  areas  of  food  microbiology,  virology  and  toxi- 
cology; and  to  collect  microbiological  data  for  food  items  analyzed  by  DoD  laboratories. 

24.  (U)  The  study  designed  to  assess  analysts'  accuracy  in  counting  agar  plates  will  in- 
clude a comparison  of  analysts'  counts  and  automatic  colony  counting  (ACC)  machines' 
counts  with  a true  count.  Present  findings  indicate  peroxides  are  responsible,  in  part, 
for  the  lethal  effects  of  freezing  on  Clostridium  perfrlngens;  consequently,  antioxi- 
dants will  be  Included  with  the  cryoprotective  chemicals  under  study.  Feeding  studies 
to  determine  the  toxicity  of  products  resulting  from  insect  infestation  will  be  limited 
to  acute  short-tern  studies. 

25.  (U)  76  10-77  09  The  study  of  the  microbial  flora  of  fresh  and  frozen  ground  pork 
will  continue  with  variations  in  methodology  in  an  attempt  to  improve  isolation  preci- 
sion both  quantitatively  and  qualitatively.  A procedure  has  been  established  that  will 
detect  less  than  one  plaque  forming  unit  (PFU)  of  enterovirus  per  gram  of  food.  In  a 
survey,  enterovirus  was  not  detected  in  400  food  samples.  The  data  collection  portion 
of  the  study  to  determine  the  specific  type  of  C^  perfrlngens  isolated  from  foods  has 
been  completed.  The  survey  of  the  histamine  content  of  selected  seafoods  and  fermented 
products  will  continue.  Studies  are  being  initiated  to  assess  the  efficiency  of  avail- 
able methods  for  the  identification  of  enterotoxln-produclng  Escherichia  coll  in  foods, 
and  efforts  will  be  made  to  improve  these  methods. 


ABSTRACT 


PROJECT  NO.  3M762772A811 


Military  Nutrition  and  Food 
Hygiene 


WORK  UNIT  NO.  004  Military  Food  Hygiene 

The  following  investigations  have  been  conducted  under  this  work  unit: 


STUDY  NO.  11 


Investigations  of  microbiological  methodology 
performed  in  conjunction  with  the  Chapter  Chair- 
man, agar  plate  method,  for  development  of  the 
14th  Edition  of  Standard  Methods  for  the  Exami- 
nation of  Dairy  Products 

A comparison  of  analyst  and  automated  colony 
counters 

Investigations  into  the  microbiological  quality  of 
food  items  purchased  by  DoD  for  the  purpose  of 
establishing  tentative  microbiological  guidelines 
for  military  subsistence 

A survey  of  the  microbial  flora  of  soya  protein 
extended  ground  beef  end  its  components 

A survey  of  the  microbial  flora  of  comminuted 
pork  and  a comparative  study  of  microbiological 
and  analytical  techniques 

Investigations  into  the  use  of  group  D strepto- 
cocci as  indicators  of  the  hygienic  quality  of 
frozen  food  products 

STUDY  NO.  14  Typing  Clostridium  perfringens  isolated  from  foods 


EX-5 


STUDY  NO.  12 


EX-6 


EX-7 


STUDY  NO.  13 


STUDY  NO.  15 


STUDY  NO.  17 


The  effect  of  cryoprotective  agents  in  the  sur- 
vival of  Clostridium  perfringens  type  A vegetative 
cells  in  selected  meat  products  after  freezing  and 
thawing 

Investigations  into  potential  toxicological  prob- 
lems associated  with  food  items  purchased  by  DoD: 
Identification  of  hazardous  substances,  evalua- 
tion  of  food  safety,  alleviation  of  toxicological 
problems,  and  establishment  of  tentative  toxico- 
logical guidelines  for  military  subsistence 
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EX-1 


Histamine  production  by  food  spoilage  micro- 
organisms and  development  of  an  analytical  method 
for  detection  of  histamine  in  food  products 


EX-2 


The  toxicity  of  histamine  and  other  biogenic 
amines  as  related  to  food  poisoning,  the  presence 
of  inhibitors  of  histamine-metabolizing  enzymes 
in  foods,  dietary  conditions,  and  other  gastro- 
intestinal factors 


EX-3 


A survey  of  commercially  packed  scombroid  fish 
products,  luncheon  meats,  cheese,  and  sauerkraut 
for  histamine  content 


STUDY  NO.  18  Investigations  into  methodology  for  detecting  and 
identifying  viruses  in  selected  Department  of 
Defense  subsistence  items 


STUDY  NO.  19 


Investigations  into  potential  insect  induced  toxi- 
cological problems  in  foods 


EX-1 


Insect  toxic  products  in  military  subsistence 
induction  and  quantitation 


EX-2 


Benzoquinones  from  the  secretory  glands  of  Tri- 
bolium  confusum  and  Tribolium  castaneum  - Assay, 
reactions,  effects,  and  acute  toxicity 


STUDY  NO.  21  Enterotoxigenic  Escherichia  coli  from  foods 


EX-1 


Assessment  of  methods  for  the  identification  of 
enterotoxin-producing  Escherichia  coli  strains 


EX-2 


Methodology  for  isolation  of  EEC  from  foods 


STUDY  NO.  11,  EX-5.  The  manpower  requirements  for  microbiological 
analysis  of  food  products  represents  an  ever-increasing  element  of 
cost.  One  time-consuming  task  is  the  manual  counting  of  agar  plates. 
The  use  of  automatic  colony  counters  (ACCs)  in  place  of  manually 
counting  agar  plates  will  result  in  a significant  manpower  savings. 
The  ACCs  must  be  evaluated  to  determine  if  they  provide  suitably 
accurate  counts  before  they  can  be  used  in  place  of  manual  counts. 


STUDY  NO.  12,  EX-6.  Studies  have  shown  that  the  use  of  textured  soy 
protein  extended  ground  beef  can  result  in  considerable  economic  sav- 
ings. The  military  services  have  expressed  interest  in  its  use  as  a 
substitute  for  raw  ground  beef.  However,  the  addition  of  soy  protein 
to  ground  beef  may  create  a product  with  altered  microbial  considera- 
tions. In  this  study,  ground  beef,  textured  soy  protein  and  soy  pro- 
tein extended  ground  beef  were  analyzed  and  microbiological  characteri- 
zation was  accomplished. 
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STUDY  NO.  12,  EX-7 . Analyses  of  757  samples  of  varying  pork  products 
have  been  conducted  to  provide  data  for  the  establishment  of  micro- 
bial guidelines  for  these  products.  Analyses  have  been  conducted  by 
more  than  one  technique  in  order  that  specific  analytical  methodology 
for  these  products  be  developed.  The  microbial  population  of  100  of 
these  samples  has  been  completely  characterized. 

STUDY  NO.  13.  Regulatory  food  microbiologists  commonly  interpret  the 
presence  of  E.  coli  as  evidence  of  fecal  contamination.  Most  micro- 
biologic criteria  for  food  products  are  based  on  the  presence  or  ab- 
sence of  E.  coli.  It  has  been  shown  that  the  injury  suffered  by  E. 
coli  cells  when  frozen  and  thawed  is  manifested  by  their  inability 
to  grow  on  the  selective  media  used  for  their  enumeration.  It  has 
been  shown,  during  this  study,  that  while  the  group  D streptococci 
and  E.  coli  both  survive  freezing,  the  streptococci  do  not  suffer 
injury  and  are  completely  recoverable  on  selective  media  while  E. 
coli  cannot  be  adequately  enumerated  in  this  manner. 

STUDY  NO.  14.  Strains  of  Clostridium  perfringens  originally  obtained 
from  foods,  were  isolated  in  pure  cultures.  These  organisms  were 
typed  by  using  the  serum  neutralization  technique  in  mice.  Of  the 
339  strains  typed  320  were  found  to  be  type  A,  the  only  type  of  C. 
perfringens  that  has  been  associated  with  foodborne  illness  out- 
breaks in  the  United  States.  The  other  19  strains  produced  insuf- 
ficient exotoxin  for  typing. 

STUDY  NO.  15.  Clostridium  perfringens  is  probably  responsible  for  a 
disproportionately  high  number  of  the  unconfirmed  outbreaks  of  food- 
borne  illness  because  of  its  fragility  to  freezing.  Several  chemicals 
have  been  screened  for  crvoprotective  properties.  Those  showing  the 
most  cryoprotective  activity  are  glycerol,  methanol,  dimethyl  sulf- 
oxide, propylene  glycol,  and  ethylene  glycol.  The  effect  of  the 
addition  of  catalase  to  destroy  peroxides  will  also  be  investigated. 

STUDY  NO.  17,  EX-1.  An  improved  analytical  method  for  the  detection 
of  histamine  in  foods  was  developed.  Several  systems  and  spray  reagents 
were  evaluated  for  use  in  a rapid  thin-layer  chromatographic  screening 
method  for  histamine  in  foods.  Several  bacterial  species  were  identi- 
fied as  capable  of  producing  large  amounts  of  histamine  in  liquid 
media  including  Proteus  morganii  and  Enterobacter  aerogenes.  Investi- 
gations are  continuing  to  assess  histamine  production  in  tuna  fish 
broths  and  to  determine  optimal  conditions  for  microbial  histamine 
formation. 

STUDY  NO.  17,  EX-2.  The  mechanism  of  oral  histamine  toxicity  is  per- 
plexing considering  the  presence  of  three  enzymes  in  the  gastrointes- 
tinal tract  which  can  metabolize  histamine.  Assays  for  these  enzymes 
were  developed  and  the  subcellular  localization  in  rats,  guinea  pigs, 
and  monkeys  was  determined.  Investigations  into  the  possible  existence 
of  foodborne  inhibitors  of  these  enzymes  and  the  effect  of  dietary 
and  gastrointestinal  factors  in  these  enzymes  is  continuing. 
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STUDY  NO.  17,  KX-3.  Histamine  is  known  to  occur  in  scombroid  fish 
products,  certain  luncheon  meats,  cheeses,  and  sauerkraut.  Surveys 
of  the  histamine  contents  of  these  products,  which  are  currently  under- 
way, will  aid  in  assessment  of  any  potential  hazards  associated  with 
these  foods  and  in  development  of  guidelines  for  military  subsistence, 
if  any  are  needed. 

STUDY  NO.  18.  A procedure  was  established  for  the  recovery  of  virus 
from  foods.  The  procedure  will  detect  one  or  more  plaque  forming 
units  of  virus  per  gram  of  food  sample.  Virus  was  not  detected  in 
406  samples  tested:  Rround  beef  (116),  soy  protein  (31),  pork  sausage 
(108),  fresh  clams  (22),  frozen  ovsters  (31),  fresh  crab  muscle  (54), 
and  crab  viscera  (44). 

STUDY  NO.  19,  EX-1.  An  in-house  resource  of  coleopterous  stored- 
products  pests  of  military  subsistence  was  established  for  the  first 
time  at  this  Institute  for  the  support  of  studies  on  potential  insect 
induced  toxicological  problems  in  food.  This  capability  has  been 
expanded  to  include  eleven  species  reared  in  selected  military  subsis- 
tence items.  Methods  were  developed  for  extraction  and  quantitative 
analysis  of  2-methyl-  and  2-ethyl-l ,4-benzoquinone  and  1-pentadecene 
in  flour  beetles.  The  concentrations  of  these  compounds  were  deter- 
mined in  two  species  of  Trilolium  with  respect  to  age  and  sex. 

STUDY  NO.  19,  EX-2.  The  toxicity  of  the  benzoquinones  released  by 
flour  beetles  needs  to  be.  established.  Investigations  were  begun 
into  the  reactions  between  benzoquinones  and  amino  acids  and  proteins. 
These  reactions  may  modify  the  toxicity  of  benzoquinones.  A knowledge 
of  the  kinetics  of  these  reactions,  the  nature  of  the  reaction  products, 
and  the  amount  of  benzoquinones  produced  by  the  flour  beetles  will  allow 
assessment  of  the  amount  of  unreacted,  potentially  toxic,  benzoquinone, 
which  may  remain  in  the  flour  following  infestation. 

STUDY  NO.  21,  EX-1,  EX-2.  Recently  recognized  has  been  the  potential 
to  cause  acute  gastroenteritis  by  bacterial  species  other  than  Sal- 
monella and  Shiaella.  Some  E.  coli  strains  have  demonstrated  tae 
capabilities  for  elaboration  of  enterotoxins  involved  in  gastrointes- 
tinal illness.  This  study  intends  to  assess  methods  for  the  selective 
isolation  and  identification  of  enterotoxigenic  E.  coli  and  to  examine 
military  subsistence  to  determine  the  incidence  of  such  strains  in 
these  products. 
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BODY  OF  F.FpORT 


TORK  UNIT  NO.  004  Military  Food  Hygiene 

STUDY  NO.  11  Investigations  of  microbiological  methodology  per- 
formed in  conjunction  with  the  Chapter  Chairman, 
agar  plate  method,  for  development  of  the  14th 
edition  of  Standard  Methods  for  the  examination  of 
Dairy  Products 


EX-5  A comparison  of  analyst  and  automated  colony  counters 

PROBLEM 


The  Department  of  Defense  (DoD)  procures  many  subsistence  items  in 
which  the  procurement  specifications  prescribe  microbiological  limits. 
Many  of  these  specifications  refer  to  Standard  Methods  for  the  Exami- 
nation of  Dairy  Products  (SMFDP)  for  official  methods.  SMFDP  pre- 
scribes the  standard  methods  agar  (SMA)  plates  will  be  counted  when 
estimating  the  microbial  population  of  foods.  Also  prescribed  are 
standards  of  accuracy,  i.e.,  SMEDP  states  "laboratory  workers  who 
cannot  duplicate  their  own  counts  on  the  same  plate  within  5*  and 
the  counts  of  other  analysts  within  10%  should  discover  the  cause (s) 
and  correct  such  disagreements."  Recent  studios  under  this  "ork 
Unit,  in  which  Innovative  techniques  were  used  to  determine  the  true 
number  of  colonies  per  plate,  have  demonstrated  that  SMEDP  accuracy 
standards  are  far  more  severe  than  had  been  previously  recognized. 

In  addition,  the  counting  of  SMA  plates  is  monotonous,  time-consuming, 
and  is  also  an  unpopular  task  among  analysts. 

A number  of  scientific  eouipment  manufacturers  have  developed  auto- 
mated colony  counters  (ACCs)  which  are  claimed  to  be  equivalent  or 
superior  to  analyst  accuracy  and  result  in  a considerable  manpower 
savings.  In  a limited  evaluation,  ACCs  have  been  found  to  warrant 
further  investigation  both  from  the  speed  and  accuracy  standpoints. 

An  evaluation  of  ACCs  for  accuracy  and  speed  is  essential  prior  to 
their  being  declared  acceptable  laboratory  instruments  for  use  in 
the  procurement  of  DoD  subsistence. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


The  data  collection  phase  of  the  study  is  in  progress.  The  initial 
data  suggest  that  the  ACCs  present  a significant  savings  of  manpower, 
and  provide  acceptable  counts  on  SMA  plates  of  "good  quality."  A 
full  analysis  of  the  data  will  be  necessary  to  judge  their  full  po- 
tential. 

CONCLUSIONS  AND  RECOISIENDATIONS 

No  conclusions  will  be  formulated  until  all  data  are  collected  and 
analyzed. 
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None 

STUDY  NO.  12  Invest  lg.it  ions  Into  the  riicroMoloKie.il  quality  of 

food  items  pu returned  hv  Dol)  for  the  purpose  of  estab- 
lishing tentative  nicroMoloKic.il  guidelines  for 
military  subsistence 

EX-6  A survey  of  tlie  microbial  flora  of  soya  protein  ex- 

tended Kfouni!  beef  and  Its  components 

PROBLEM 

Soy  protein  extended  ground  beef  lias  been  used  in  tlie  civilian  com- 
munity since  early  l'J71  and  it  is  currently  used  in  tlie  Federal  School 
Lunch  Program.  Nutritionally,  this  product  is  similar  to  k round  beef. 
Economically,  it  has  been  shovm  that  20 7.  soy  extended  ground  beef  can 
reduce  ('round  beef  costs  by  21"  on  a raw  basis  and  as  much  as  10%  on 
a cooked  basis.  Interest  has  been  shown  in  using  this  product  in  the 
United  States  Armed  Forces  from  an  economic  standpoint. 

With  the  addition  of  soy  protein  to  raw  ('.round  beef  a new  product  has 
been  created.  Also  a product  with  new  microbiological  considerations 
may  result  from  the  addition  of  soy  protein  to  a raw  comminuted  prod- 
uct. If  this  product  is  to  be  used  by  the  military  services  an  in- 
creased understanding  of  the  bacterial  flora  is  in  order.  This  study 
quantitated  and  characterized  the  microbial  flora  of  so\>  protein, 
ground  beef,  and  soy  protein  extended  ground  beef  both  initially  and 
after  an  additional  7 days  storage  at  4 C. 

RESULTS  AND  DISCUSSION  OE  RESULTS 


In  this  study  ground  beef  (CD),  textured  soy  protein  (TSP) , and  TSP 
extended  ground  beef  (SCI!)  wore  analyzed  after  1-  and  10-days'  stor- 
age. at  4 0,  Analyses  included  aerobic  plate  count  (APO),  psychro- 
trophic  plate  count  (ITC),  col i form  most  probable  number  (MPN)  and 
plato  determinations  (CMPN  and  CPC),  Vschrriohi.t  coli  MPN  and  plate 
determinations  (EIIPN  and  El’C) , Stopluilococcun  aureus  MPN  (SMPN), 
focal  streptococci  count  (ESC),  Clostridium  perfr inwon.s  determina- 
tions, isolation  and  identification  of  gram-positive  and  gram-nega- 
tive organisms  and  screening  for  enteric  viruses.  Statistical  anal- 
yses of  tlie  enumeration  procedures  showed  signlf leant  increases  in 
the  total  microbial  flora  after  10-d.iys*  storage.  PPCs  wore  sig- 
nificantly higher  than  API's.  CMPNs  were  significantly  higher  than 
i’.PCs  for  CH  and  SCR.  The  KMPNs  were  significantly  higher  than  El’C 
In  SCR  only.  K,  col i was  the  predominant  gram-negative  isolate  from 
CH  and  SCB.  Few  gram-negatives  were  found  in  TSP.  C.  porfrinoons 
was  the  predominant  gram-positive  isolate  in  C.R  and  SCR  while  /l.ieillus 
sp.  predominated  in  TSP.  .Salmonella  enter  id  it  in  ser.  worth  in<7ton 
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was  isolated  from  OR  and  TSP.  No  enteric  viruses  were  detected  in 
this  study. 

CONCLUSIONS  AND  RECOMMENDATIONS 

1.  The  addition  of  textured  soy  protein  appears  to  have  no  effect 
on  the  total  microbial  load  of  regular  OB. 

2.  If  properly  handled,  SCR  is  microbiologically  no  more  or  less 
hazardous  than  OB. 

3.  Additional  studies  to  evaluate  the  effect  of  TSP  on  specific 
foodborne  pathogenic  organisms  are  warranted. 

4.  Evaluation  of  currently  accepted  incubation  tines  and  tempera- 
tures for  meat  analysis  is  needed. 
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EX-7  A survey  of  the  microbial  flora  of  comminuted  pork 

and  a comparative  study  of  microbiological  analytical 
techniques 

PROBLEM 


There  are  several  different  types  of  fresh  and  frozen  comminuted  pork 
products  which  enjoy  high  volume  usage  by  DoD.  Although  some  micro- 
biological studies  have  been  conducted  on  these  items,  literature 
reports  do  not  contain  data  that  are  either  sufficient  in  volume  or 
comprehensive  enough  to  be  used  for  the  establishment  of  microbial 
guidelines.  To  date  757  samples  have  been  processed  to  generate 
data  on  the  microbiology  of  the  different  comminuted  pork  products 
for  the  eventual  establishment  of  microbiological  guidelines.  In 
addition,  each  analysis  for  coliform  organisms,  Escherichia  coli, 
Clostridium  perfringens , Salmonella  sp.,  and  Bacillus  ce reus  has 
been  conducted  by  two  procedures  in  order  to  determine  the  optimum 
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analytical  methodology  for  comminuted  pork.  Since  comminuted  pork 
does  have  the  potential  for  being  a vehicle  for  the  transmission  of 
foodborne  pathogens,  100  of  these  samples  have  had  their  microbial 
population  completely  characterized. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

None;  data  collection  is  still  in  progress. 

CONCLUSIONS  AND  RF.CQHMF.NDAT IONS 

None 

PUBLICATIONS 

None 

STUDY  NO.  13  Investigations  into  the  use  of  group  D streptococci 
as  indicators  of  the  hygienic  quality  of  frozen  food 
products 

PROBLEM 


Methodology  currently  used  for  part  of  the  microbiological  examina- 
tion and  determination  of  the  hygienic  quality  of  frozen  foods  is 
based  upon  detection  and  enumeration  of  Escherichia  coli.  It  has 
been  demonstrated  that  many  of  the  treatments  to  which  foods  are 
subjected  may  result  in  sublethal  injury  to  the  bacterial  cells 
which  may  be  contained  therein.  One  of  the  manifestations  of  sub- 
lethal  injury  is  the  inability  of  cells  to  grow  and  form  colonies 
on  the  selective  media  routinely  used  for  these  enumerations.  E. 
coli  is  an  organism  which  has  been  shown  to  suffer  severe  injury 
following  freezing  and  frozen  storage. 

Tills  study  was  undertaken  to  investigate  the  use  of  group  D strepto- 
cocci as  indicators  of  the  hygienic  quality  of  frozen  food  products 
as  well  as  to  develop  methodology  for  rapid  speciation  within  the 
group. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


E.  coli  and  the  seven  species  making  up  the  group  D streptococci 
have  been  examined  for  their  abilities  to  survive  freezing  in  water, 
0.2  M phosphate  buffer  pH  7.0,  10?  sucrose,  5%  glycerol  and  a 15% 
slurry  of  mashed  potatoes  when  stored  at  temperatures  of  -4,  -20  and 
-80  C. 

With  E.  coli,  following  1*10  days  of  frozen  storage  at  -4  or  -20  C 
in  a food  product  like  mashed  potatoes,  94%  of  the  original  popula- 
tion could  be  recovered  on  a nonselective  medium.  Following  storage 


in  the  same  menstruum  at  -80  C,  99 X of  the  original  population  was 
recoverable.  However,  if  these  cell  suspensions  were  plated  on  a 
selective  medium,  as  would  be  done  during  routine  food  analysis, 
only  63X  of  the  population  surviving  -80  C storage,  12 7.  of  those 
surviving  -20  C storage  and  none  of  the  population  surviving  -4  C 
storage  could  be  detected.  A similar  situation  was  found  with  Strep- 
tococcus bovis  and  Streptococcus  equinus  which  comprise  the  non- 
enterococcal  portion  of  the  group  D streptococci. 


Results  with  the  enterococcal  portion  of  the  group  0 streptococci 
indicate  that  this  portion  of  the  group  survives  freezing  at  all 
temperatures  studied  and  is  nearly  completely  recoverable  on  selec- 
tive media.  Of  this  group,  5.  faecalis  and  5.  liquefaciens  show 
the  most  promise  for  use  as  hygienic  indicators  in  frozen  products. 

The  ability  for  identification  of  these  organisms  was  developed. 

With  the  use  of  a replica  plating  device,  32  separate  isolates  can 
be  inoculated  onto  each  agar  plate  in  the  media  battery.  Cas  chroma- 
tography procedures  for  use  in  spectating  these  organisms  are  cur- 
rently being  studied. 

CONCLUSIONS 


•cause  of  its  inability  to  grow  on  selective  media  following  freezing, 
' C°l1  *hould  not  he  U9ed  " a hygienic  indicator  in  frozen  products, 
s.  faecalis  and  5.  liquefaciens  should  be  seriously  considered  for 
use  as  hygienic  indicators  in  frozen  products. 

RECOMMENDATIONS 

It  is  recommended  that  microbial  guidelines  be  developed  for  frozen 

products  with  either  5.  faecalis  or  s.  liquefaciens  as  the  indicator 
organism. 


PUBLICATIONS 


ERJZ.  L.S.,  R.L.  OKOLUK,  S.L.  TAYLOR,  and  J.L.  FOWLER.  Hygienic 
indicator  organisms:  A comparison  of  survival  and  enumeration  of 
group  U streptococci  and  Escherichia  coli  following  freezing  and 
frozen  storage.  Report  No.  52.  Presidio  of  San  Francisco,  CA: 
Letterman  Army  Institute  of  Research,  In  Press. 


STUDY  NO.  14  Typing  Clostridium  perfringens  isolated  from  foods 
PROBLEM 


lostriclium  perfringens  can  be  separated  into  5 types  (A  through  E) 
based  on  exotoxin  produced  in  culture  filtrates.  All  tvpes  are 
pathogenic  to  man,  animals,  or  both.  Type  A is  the  only  type  to  be 
considered  a major  causative  agent  in  outbreaks  of  foodborne  disease. 
C.  perfringens  type  C is  known  to  cause  a necrotizing  gastroenteritis. 
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However,  this  condition  appears  to  be  restricted  to  individuals  who 
are  being  maintained  on  a marginal  diet  which  is  also  low  in  protein. 
Type  C foodborne  disease  results  when  there  is  a subsequent  change 
to  a diet  much  higher  in  protein  and  caloric  content.  Reports  of 
this  disease  have  been  limited  to  the  immediate  post  World  War  II  in 
Germany  and  to  tribal  feasts  in  Hew  Guinea.  Only  type  A foodborne 
disease  outbreaks  have  been  reported  in  the  United  States.  Over  the 
last  4 years  there  have  been  49  confirmed  outbreaks  and  3679  confirmed 
cases  reported  to  the  Center  for  Disease  Control. 

C.  perfringens  is  a ubiquitous  microorganism  and  can  be  routinely 
isolated  from  soil,  air,  water,  the  intestinal  contents  of  hemato- 
thomic  animals  and  from  a wide  variety  of  food  items  particularly 
from  meat  items  and  those  raw  vegetables  commonly  contaminated  from 
soil.  Since  accepted  laboratory  isolation  procedures  for  C.  per- 
fringens  from  foods  do  not  Include  provisions  to  determine  the  type 
of  organism,  strains  may  be  isolated  that  are  types  » through  E, 
which  are  not  capable  of  causing  foodborne  illness.  Thus,  if  a high 
percentage  of  C.  perfrinqcns  isolated  fron  food  items  are  of  a type 
other  than  type  A,  additional  laboratory  procedures  are  necessary  to 
determine  if  a food  has  the  potential  to  cause  foodborne  illness. 

This  study  was  undertaken  to  determine  the  C.  per fringens  type  most 
frequently  isolated  from  foods. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  results  of  typing  339  strains  of  C.  per frixujons  isolated  from  six 
different  food  items  by  using  the  mouse  serum  neutralization  procedure 
are  shown  in  the  table.  Isolates  of  C.  per fringens  that  failed  to 
produce  sufficient  exotoxin  for  typing  on  two  trials  were  considered 
to  be  non-tyoeable.  Strains  of  C.  perfringens  isolated  from  ground 
beef,  ground  pork,  ground  turkey,  live  crab,  cured  sausage,  and  live 
clans  were  predominantly  type  A. 

TABLE:  Type  A isolates  of  Clostridi um  perfringens  from  selected 
foods 


Isolate 
Source 

Ground  Beef 
Ground  Pork 
Ground  Turkey 
Live  Crab 
Cured  Sausage 
Live  Clams 

TOTAL 


Number  of 
isolates 
typed 

152 
82 
59 
29 
13 
4 

339 


Number  of  Humber  of 
type  A non-typeahle  Percent  isolates 
isolates  isolates  type  A 


149 

3 

98 

76 

6 

93 

56 

3 

95 

25 

4 

86 

10 

3 

77 

4 

_0 

100 

320 

19 

94 
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A higher  proportion  of  non-typeable  strains  was  found  in  cured  sau- 
sage than  in  either  ground  beef  or  ground  pork.  The  higher  percen- 
tages of  non-typeable  strains  isolated  from  cured  sausage  were  great 
enough  to  warrant  speculation  as  to  the  cause  of  the  discrepancy, 
particularly  in  light  of  the  fact  that  the  components  of  this  prod- 
uct are  ground  beef  and  ground  pork.  The  natural  fermentation 
process  may  favor  the  survival  and  growth  of  C.  perfringens  strains 
that  are  low  in  exotoxin  production.  The  overall  incidence  of  C. 
perfr ingens  isolated  from  cured  sausage  by  this  laboratory  is  con- 
siderably lower  than  the  incidence  found  in  either  ground  beef  or 
ground  pork. 

Due  to  the  effort  and  the  expense  reauired  in  typing  strains  of  C. 
perfrinyens  isolates  from  these  foods  when  incriminated  in  outbreaks 
of  foodborne  disease  and  the  prevalence  of  type  A C.  perfringens 
typing  appears  to  be  unwarranted.  This  is  particularly  true  if  epi- 
demiologic information  is  indicative  of  C.  perfrinyens  foodborne 
disease.  Hotrever,  type.  AC.  perfringens  may  not  be  predominantly 
associated  with  other  food  items.  For  example.,  lamb  and  veal  prod- 
ucts which  were  not  involved  in  this  survey  are  derived  from  source 
animals  which  are  commonly  associated  with  C.  perfringens  types  B, 

C and  D. 

PUBLICATIONS 

FUUIN,  J.T.  Types  of  Clostridium  perfringens  isolated  from  selected 
food:  A Research  Note.  Submitted  for  publication. 

STUDY  NO.  15  The  effect  of  cryoprotective  agents  in  the  survival 
of  Clostridium  perfringens  type  A vegetative  cells 
In  selected  meat  products  after  freezing  and  thawing 

PROBLEM 


Clostridium  perfringens  type  A was  characterized  as  a microorganism 
capable  of  causing  foodborne  Illness  24  years  ago.  Since  that  time, 
this  organism  has  become  recognized  as  a major  source  of  foodborne 
illness  in  the  United  States.  The  reasons  for  the  high  incidence 
of  foodborne  illness  caused  by  C.  perfringens  are  the  organism  is 
ubiquitous;  it  forms  spores  havinR  high  heat  resistance;  grows  well 
at  high  temperatures,  i.e.,  46-50  C;  and  has  a short  generation  time. 
The  use  of  bulk  quantities  in  mass  feeding  facilities  provides  the 
conditions  favorable  for  massive  outbreaks  of  C.  perfrinyens  food- 
borne disease,  particularly  if  foods  are  not  held  at  the  recommended 
temperatures  of  over  60  C. 

Historically  the  causative  agent  involved  in  foodborne  disease  is 
Identified  in  only  about  50%  of  the  outbreaks.  Of  the  large  number 
of  unconfirmed  outbreaks,  it  is  probable  that  a disproportionately 
large  share  are  caused  by  C.  perfringens  due  to  the  unique  cultural 


characteristics  presented  by  this  anaerobic  microorganism.  C.  per- 
fringens  is  susceptible  to  destruction  at  low  temperature,  particu- 
larly freezing,  the  recommended  method  of  preserving  samples  suspec- 
ted of  causing  foodborne  illness  when  submitted  to  diagnostic  labora- 
tories. Its  requirement  for  anaerobiosis  also  presents  problems  of 
isolation  by  diagnostic  laboratories.  As  a result  the  collection, 
handling,  shipment,  storage  and  laboratory  preparation  of  samples  has 
a detrimental  effect  on  the  recovery  of  C.  perfringens . Cryoprotec- 
tive  agents  and  agents  that  reduce  the  oxidation-reduction  potential 
of  food  samples,  could  result  in  a more  precise  qualitative  isolation 
of  C.  perfringens. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Actively  growing  cultures  of  C.  perfringens  type  A vegetative  cells 
were  frozen  in  laboratory  preparations  of  cooked  meat  with  various 
chemicals  added.  The  chemicals  showing  the  most  cryoprotective 
properties  were  glycerol,  methanol,  dimethyl  sulfoxide,  propylene 
glycol,  and  ethylene  glycol.  Survival  of  cells  was  highly  variable 
from  one  replicate  to  the  next.  A number  of  chemicals  tested  resulted 
in  decreased  cell  survival.  Recently  published  data  indicate  that 
catalase  added  to  culture  medium  dramatically  increases  the  recovery 
of  C.  perfringens . Peroxides  that  are  formed  in  frozen  foods  may 
cause  lethal  effects;  however,  if  catalase  were  added  to  the  medium 
these  chemicals  would  be  destroyed.  Further  testing  will  be  con- 
ducted to  determine  if  catalase  has  a cryoprotective  effect. 

CONCLUSIONS 


Glycerol,  methanol,  dimethyl  sulfoxide,  propylene  glycol,  and  ethy- 
lene glycol  are  effective  to  a degree  as  cryoprotective  agents. 

RECOMMENDATIONS 

None 

PUBLICATIONS 

FRUIN,  J.T.,  and  F.J.  BABEL.  Changes  in  the  population  of  Clostridium 
perfringens  type  A in  a meat  medium.  J Food  Protect  40:622,  1977 

STUDY  NO.  17  Investigations  into  potential  toxicological  problems 
associated  with  food  items  purchased  by  DoD:  Identi- 
fication of  hazardous  substances,  evaluation  of  food 
safety,  alleviation  of  toxicological  problems  and 
establishment  of  tentative  toxicological  guidel ?nes 
for  military  subsistence 
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EX-1  Histamine  production  by  food  spoilage  microorganisms 

and  development  of  an  analytical  method  for  detection 
of  histamine  in  food  products 

PROBLEM 

Tuna  fish,  other  scombroid  fish  products,  cheese,  and  sauerkraut  which 
contain  abnormally  high  amounts  of  histamine  have  been  Implicated  in 
several  foodborne  disease  outbreaks.  Routine  analysis  of  these  foods 
Is  necessary  but  the  methods  are  cumbersome  and  tedious.  The  use  of 
sensitive  and  specific  fluorometrtc  detection  methods  for  histamine 
will  be  explored.  Trials  of  various  extraction  methods  for  selec- 
tive removal  of  histamine  from  food  samples  will  be  performed.  The 
use  of  chromatographic  procedures  will  be  evaluated  for  their  poten- 
tial in  removing  further  interfering  substances. 

Histamine  is  formed  in  foods  by  microbial  decarboxylation  of  histi- 
dine. A large  number  of  microbial  species  have  been  reported  to 
possess  the  requisite  enzyme,  histidine  decarboxylase.  However,  few 
quantitative  comparisons  of  the  histamine-producing  capacities  of 
various  microorganisms  have  been  done.  A quantitative  comparison 
of  over  100  microbial  strains  on  synthetic  and  tuna  fish  broth  media 
is  planned.  Optimal  conditions  for  histamine  production  will  be 
determined  for  several  of  the  more  prodigious  histamine-producing 
strains. 

RESULTS  Atm  DISCUSSION  OF  RESULTS 


Evaluation  of  several  fluorometric  and  spectrophotometr ic  amine  detec- 
tion methods  showed  that  the  fluorometric  assay  based  on  o-phthal- 
aldehyde  was  the  most  sensitive  and  specific  for  histamine  detection. 
The  lower  limit  of  detection  with  this  method  was  0.05  nmoles  of 
histamine.  At  equimolar  concentrations,  interference  was  detected 
with  histidine  and  several  hist idyl  dipeptides  out  of  55  amines 
tested.  At  higher  concentrations,  substantial  interference  was  also 
found  with  glutathione,  spermidine,  cysteine,  glycylglycine,  carno- 
sine,  norepinephrine,  and  glucosamine. 

These  interfering  substances  could  be  removed  by  a selective  extrac- 
tion step  by  using  n-butanol  to  extract  the  histamine  from  an  aqueous 
alkaline  solution  saturated  with  sodium  carbonate.  An  analytical 
method  for  histamine  in  foods  was  developed  by  coupltnp  this  selec- 
tive extraction  procedure  to  the  specific  fluorometric  detection 
method.  The  analysis  requires  sample  homogenization  in  methanol, 
heating,  centrifuging  or  filtering,  extraction,  and  fluorometric 
detection  of  histamine  with  o-phthalaldehyde.  The  method  can  be 
used  to  detect  histamine  in  foods  that  contain  as  little  as  0,02  mg 
histamine/100  g food.  Samples  of  20  foods  were  analyzed  Including 
seafoods,  comminuted  meats,  luncheon  meats,  cheeses,  and  sauerkraut. 
Sauerkraut  and  tuna  fish  had  the  highest  histamine  content  among 
tested  foods. 
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Although  the  developed  method  Is  much  less  tedious  than  previous 
analytical  procedures.  It  still  does  not  lend  Itself  to  the  rapid 
screening  of  large  numbers  of  samples.  Therefore,  thin-layer 
chromatography  was  evaluated  as  a rapid  screening  technique. 

Twelve  solvent  systems  were  tested  for  their  ability  to  separate 
histamine  and  histidine  on  a variety  of  thin-layer  coatings.  The 
best  solvent-adsorbent  systems  were  chloroform/methanol/ammonia 
(2:2:1),  raethanol/annonia  (20:1),  acetone/ammonia  (95:5),  and 
double  development  with  (a)  n-butanol/acetone/water  (2:2:1)  and 
(b)  chloroform/methanol/anmonia  (12:7:1),  all  on  silica  gel  layers. 
Successful  separation  of  histamine  from  other  amine  components  of 
methanolic  tuna  fish  extracts  was  .achieved  with  all  four  systems. 

Four  different  reagents  were  evaluated  for  their  potential  in  the 
detection  of  histamine  on  thin-layer  chromatograms,  Uinhvdrin, 
which  gave  colored  spots,  and  o-diacetvl benzene , which  gave 
fluorescent  spots,  seemed  to  be  best,  although  two  other  fluoro- 
metric  detection  reagents,  o-phthalaldehyde  and  f luorescanine  could 
also  be  used.  The  best  solvent  systems  were  methanol /ammonia  (20:1) 
and  chlorofom/methanol/ammonia  (2:2:1)  with  ninhvdrin  and  these 
two  systems  plus  acetone/ammonia  (05:5)  with  o-diacetvlbenzene. 

These  systems  are  rapid  and  selective  enough  to  be  used  as  routine 
screening  methods. 

Over  100  different  microbial  strains  were  tested  for  their  ability 
to  produce  histamine  on  trypt lease  soy  broth-histidine  (TSBH)  media 
and  tuna  fish  broth  media.  Proteus  morganii , Enterobactcr  aerogenos , 
and  Ilafnia  alvei  showed  a quantitative  superiority  in  terms  of  hista- 
mine production  when  compared  to  the  other  tested  organisms.  Many 
microbial  species  kno\m  to  possess  histidine  decarboxylase  such  as 
Escherichia  coli  produced  little  histamine  suggesting  the  importance 
of  histaninase  in  the  accumulation  of  histamine  in  food  products. 

Some  Enterobacter  cloacae  and  Proteus  inconstans  strains,  Citrobac- 
t or  diversus , and  Proteus  rettgeri  formed  histamine  on  TSBH  media 
only. 

CONCLUSIONS 


The  developed  method  for  histamine  analysis  in  foods  which  utilizes 
a selective  extraction  step  and  a specific  detection  step  has  ad- 
vantages over  other  reported  methods  in  terms  of  specificity,  sensi- 
tivity, and  accuracy.  The  new  method  is  less  tedious  than  previous 
methods.  The  thin-layer  chromatographic  screening  methods  should 
be  useful  in  the  handling  of  large  numbers  of  samples. 

Preliminary  evidence  suggests  that  relatively  few  microbial  species 
have  the  capability  to  produce  large  amounts  of  histamine  in  food 
products.  Studies  on  tuna  fish  broth  media  and  optimal  conditions 
for  histamine  formation  are  continuing. 
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RECOMMENDATIONS 


None;  this  study  has  not  been  completed. 
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EX-2  The  toxicity  of  histamine  and  other  biogenic  amines 

as  related  to  food  poisoning,  the  presence  of  inhib- 
itors of  histamine-metabolizing  enzymes  in  foods, 
dietary  conditions,  and  other  gastrointestinal  factors 

PROBLEM 


Foodborne  disease  outbreaks  have  resulted  from  consumption  of  foods 
that  contain  abnormally  high  levels  of  histamine,  tyraraine,  or  other 
biogenic  amines.  However,  histamine  can  be  orally  administered  to 
rats  in  large  doses  with  no  apparent  development  of  clinical  symptoms 
of  toxicity.  The  cells  of  the  gastrointestinal  tract  normally  con- 
tain three  enzymes,  monoamine  oxidase,  diamine  oxidase,  and  histamine- 
M-methyl transferase,  which  are  capable  of  metabolizing  histamine  to 
nontoxic  products.  When  histamine  is  ingested  with  a food  sample, 
some  defect  must  occur  in  this  detoxification  mechanism.  With  tyra- 
mine,  it  is  known  that  toxicity  occurs  when  the  tyramine-containing 
food  is  consumed  in  conjunction  with  a potent  monoamine  oxidase  in- 
hibitor such  as  tranylcypromine.  No  such  factors  have  been  associa- 
ted with  food  poisoning  due  to  histamine.  The  possible  presence  of 
naturally-occurring  or  additive  foodborne  inhibitors  of  the  throe 
histamine-metabolizing  enyzmes  requires  investigation.  A survey  of 
potential  inhibitors  which  are  known  to  occur  in  foods  or  are  used 
as  food  additives  will  be  conducted. 

Dietary  conditions  might  also  precipitate  histamine  toxicity.  Dia- 
mine oxidase  levels  are  dependent  on  dietarv  pyridoxal  and  riboflavin 
levels,  while  histamine-N-methyltransf erase  levels  require  adequate 
anounts  of  folate  and  vitamin  B^2  in  the  diet.  The  effects  of  dietary 
deficiencies  of  these  four  factors  on  Intestinal  activities  of  the 
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particular  enzymes  will  be  assessed.  1 ‘‘C-Histamine  absorption  as  a 
function  of  dietary  levels  of  these  factors  will  be  tested  with 
ligated  gut  segments.  Finally,  the  in  vivo  effects  of  these  dietary 
factors  will  be  determined  by  observing  changes  in  stomach  acid  secre- 
tion volume  and  acidity  following  intraduodenal  injection  of  histamine 

Other  gastrointestin.il  factors,  such  as  histaminase  activity  in  intes- 
tinal bacteria,  will  be  investigated  also. 

RESULTS  AND  DISCUSSION  OK  RESULTS 

Preliminary  work  has  led  to  development  of  sensitive  radiometric 
assays  for  diamine  oxidase  (DAO)  and  histamine-N-methvltransferase 
(HNV.T) . A spectrophotometric  assay  was  used  for  monoamine  oxidase 
(MAO).  DAO  and  HNMT  activity  was  found  to  be  localized  in  the  soluble 
fraction  of  Jejunal  mucosa  from  rats,  guinea  pigs,  and  Rhesus  monkeys. 
MAO  activity  was  below  detectable  limits  in  rat  jejunal  homogenates. 
Work  is  proceeding  on  MAO  activities  in  the  various  subcellular  frac- 
tions. The  effect  of  potential  inhibitors  on  the  activities  of  these 
three  enzymes  will  be  tested  by  using  the  most  active  subcellular 
fractions. 

CONCLUSIONS , RECOMMENDATIONS,  AND  PUBLICATIONS 

None;  this  study  has  not  been  completed. 

EX-3  A survey  of  commercially  packed  scombroid  fish  products 

luncheon  meats,  cheese,  and  sauerkraut  for  histamine 
content 

PROBLEM 


An  initial  survey  of  20  food  groups  (EX-1)  revealed  that  scombroid 
fish  products,  certain  luncheon  meats,  cheese,  and  sauerkraut  had 
the  highest  histamine  contents.  Since  histamine  in  foods  is  poten- 
tially toxic,  a further  survey  of  the  levels  in  these  particular 
food  groups  was  indicated.  Such  information  can  be  used  to  assess 
the  relative  risk  of  histamine  poisoning  from  such  foods,  to  set 
guidelines  for  military  subsistence  where  necessary,  and  to  deter- 
mine the  incidence  of  potentially  toxic  levels  of  histamine  in  foods. 
Past  foodborne  disease  outbreaks  would  indicate  that  histamine  levels 
above  100  mg/100  g should  be  considered  definitely  harmful.  The 
surveys  will  be  performed  with  30  to  100  samples  of  each  food  item, 

RESULTS  AND  DISCUSSION  OF  RESULTS 


A survey  of  fifty  samples  of  sauerkraut  revealed  an  average  hista- 
mine content  of  5.06  mg/100  g.  The  histamine  content  ranged  from 
0.91  rag/100  g to  13.0  mg/100  g among  the  50  samples.  Such  histamine 
levels  are  considerably  lower  than  the  level  of  100  mg/ 100  g which 
has  been  associated  with  outbreaks  of  food  poisoning. 
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In  a survey  of  luncheon  meat-sausages,  it  was  determined  that  cooked 
anil  semi-dry  sausages  liad  much  lower  histamine  contents  than  fermen- 
ted, dry  sausages.  Tor  cooked  sausages  the  mean  histamine  levels  for 
30  samples  were  bologna  - 0.55  mg/100  g,  cooked  salami  - 0.83  mg/100  g 
and  kosher  salami  - 0.50  mg/100  g.  For  seni-drv  sausages,  which  often 
have  lactic  acid  cultures  added  during  short  fomentations,  the 
average  histamine  levels  for  30  samples  were  beef  summer  sausage  - 
1.07  mg/100  g,  thurlnger-cervelat  - 2.35  rig/100  g,  and  thurtnger  - 
1.19  mg/100  g.  Dry  sausages,  which  are  subjected  to  natural  fermen- 
tations for  longer  tine  periods,  exhibited  a higher  and  more  variable 
histamine  content.  Three  brands  each  of  Italian  dry  salami  and  pep- 
peroni  were  tested  with  the  following  mean  histamine  levels:  Italian 
dry  salami  (Brand  A - 24.5  mg/100  g,  brand  b - 2.14  rag/100  g,  brand  C 
19.1  mg/100  g)  and  pepperoni  (brand  A - 1.03  mg/100  g,  brand  b - 
1.42  mg/100  g,  brand  C - 38.1  mg/100  g) . Chorizo,  an  uncooked  sau- 
sage, had  an  average  histamine  content  of  2.29  ng/100  g for  30  sam- 
ples. The  highest  histamine  level  found  in  any  sample  was  55.0  mg/ 

100  g in  a Brand  C pepperoni.  "bile  these  levels  of  histamine  are 
below  the  100  mg/100  g level,  the  brand  specific  variation  indicates 
that  careful  control  of  fomentation  'would  alleviate  anv  problens 
associated  with  histamine  accumulation.  Unwanted  growth  by  bacteria 
such  as  Proteus  moruanii  is  probably  the  cause  of  the  high  hista- 
mine levels  in  certain  products. 

Surveys  of  scombroid  fish  products,  Including  tuna  fish,  albacore, 
and  mackerel,  and  cheeses  are  currently  underway. 

CONCLUSIONS 


Sauerkraut  is  a low  risk  product  for  histamine  poisoning.  Some 
brands  of  dry  fermented  sausages  have  high  histamine  content  which 
approach  levels  that  nay  cause  symptoms  of  toxicity.  Italian  dry 
salami  and  pepperoni  might  be  considered  high  risk  products,  other 
types  of  sausages  Including  bologna,  cooked  salami,  kosher  salami, 
beef  summer  sausage,  thurlnger-cervelat,  thurtnger,  and  chorlzo 
should  be  considered  low  risk  products  in  terms  of  histamine  poi- 
soning. 

RECOMMENDATIONS 

None;  this  study  has  not  been  completed. 

PUBLICATIONS 

TAYLOR,  S.L.,  M.  LEATHER1  DOD,  and  E.R.  LTF.BFR.  Histamine  in  sauer- 
kraut. Manuscript  submitted  to  IJ\TR  Publications  Review  Committee 

TAYLOR,  S.L.,  M.  LF-ATIIEKL’OOD,  and  E.R.  LIMBER.  A survey  of  hista- 
mine levels  In  sausages.  Manuscript  submitted  to  LAIR  Publications 
Review  Committee 


STUDY  NO.  18 


PROBLEM 


Investigations  Into  methodology  for  detecting  and 
Identifying  viruses  in  selected  Department  of  Defense 
subsistence  items 


The  role  of  food  as  a vehicle  for  virus  transmission  to  humans  has 
not  been  clearly  defined.  It  is  possible  that  viruses  contribute 
a significant  part  of  the  outbreaks  of  foodbornc  disease  of  unknown 
etiology  since  laboratorv  methodology  for  detection  and  identifica- 
tion of  viruses  in  foods  are  not  \/ell  established.  Most  of  the 
reports  of  foodborne  viral  disease  outbreaks  are  based  on  epidemo- 
logical  evidence  only  and  are  limited  to  those  diseases  with  a dis- 
tinct clinical  syndrome,  i.e.,  hepatitis  and  paralytic  poliomyelitis. 
There  have  been  only  a few  reports  of  recovery  of  viruses  found  in 
food  items  except  those  found  in  seafoods.  Now,  there  are  a few 
preliminary  reports  on  the  nethodology  for  detecting  enteroviruses 
in  foods.  These  studies  involve  the  laboratory  contaminnt ion  of 
food  items  and  efforts  to  recover  virus. 

The  purpose  of  this  study  is  to  establish  methods  for  isolation  and 
identification  of  viruses  from  food  items  and  to  perform  viral  sur- 
veys of  a limited  number  of  foods  of  military  importance. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


A procedure  was  established  for  the  recovery  of  virus  from  food 
samples.  Food  samples  were  suspended  in  tissue  culture  medium,  the 
suspensions  were  clarified  by  centrifugation  and  filtration  through 
celite  and  finally,  the  clarified  suspensions  were  concentrated 
40  to  80-fold  by  molecular  filtration.  The  efficiency  of  virus 
recovery  was  determined  by  adding  a kno\m  quant itv  of  virus  to  a 
food  sample  and  then  measuring  the  quantity  of  virus  (placme  forming 
units  [PFU])  present  following  processing. 

The  average  sensitivity  of  poliovirus  type  I (l’OL-T)  recovery  from 
10  laboratory  contaminated  food  samples  was  2.6  PFU  per  gran  of  food 
sample.  In  one  experiment  known  amounts  of  POL-T  virus  were  added 
to  5 samples  of  ground  beef  (25  g each).  The  percent  of  virus  re- 
covery ranged  from  27  to  76”.  The  sensitlvitv  of  virus  recovery  was 
similar  for  5 levels  of  virus  added  (Table  I).  Similar  results  were 
obtained  when  4.68  x 10-“’  PFU  of  POL-I  virus  was  added  to  4 different 
types  of  food  samples  (ground  beef,  nork  sausage,  crab  muscle,  and 
oysters)  and  one  sample  of  crab  viscera  (Table  IT).  Again  the  sensi- 
tivity of  virus  recovery  was  similar  for  these  5 samples  whereas  the 
percent  of  virus  recovery  varied  from  40  to  91%.  The  reduced  sensi- 
tivity in  oysters  (5.0  P,;,U/g)  was  a direct  result  of  the  smaller 
sample  size  of  9.5  g (Tahle  IT).  Based  on  the  data  presented  in 
Tables  I and  TT,  it  appears  that  the  sensitivity  as  well  as  the  ef- 
ficiency of  virus  rccoverv  was  independent  of  the  amount  of  virus 
present . 


TABLE  I - Poliovirus  type  I recovery  from  laboratory  contami- 
nated ground  beef 


Sample 

No. 

Total  Virus 
Input 
(PFU) 

Virus 
Detected 
(PFU/0.1  ml) 

Volume  of 
Concentrate 
(ml) 

Virus 

Recovery 

(7.) 

Sensitivity 

(PFU/g) 

1 

2.7  x 107 

5.7  x 105 

1.3 

27 

1.9 

2 

3.4  x 10s 

4.3  x 103 

3.4 

42 

3.2 

3 

3.4  x 102 

5.0  x 10° 

3.2 

47 

2.7 

4 

6.8  x 101 

2.0  x 10° 

2.6 

76 

1.4 

5 

3.4  x 101 

0.5  x 10° 

2.2 

32 

2.7 

MEAN  45 

2.4 

TABLE  II  - Poliovirus  type  I recovery  from  laboratory  contami- 
nated food  samples* 


Sample 

Weight 

(R> 

Virus 
Detected 
(PFU/0.1  ml 
x 102) 

Volume  of 
Concentrate 
(ml) 

Virus 

Recovery 

(%) 

Sensitivity 

(PFU/g) 

Ground  beef 

22 

96.5 

2.2 

45 

2.2 

Sausage 

24 

100.0 

1.9 

40 

1.9 

Crab  muscle 

17 

128.5 

3.3 

91 

2.1 

Crab  viscera 

18 

99.0 

3.5 

74 

2.6 

Oysters 

9.5 

98.0 

2.6 

54 

5.0 

*4.68  x 105 

PFU  of 

poliovirus 

type  I was 

added 

to  each 

sample 

The  data  in  Tables  I and  II  are  based  on  the  average  number  of  PFU 

detected  in  2 cell  cultures,  each  inoculated  with  0.1  ml.  The  ino- 
culation of  0.5  ml  per  cell  culture  resulted  in  2.6  times  more  plaques. 

When  the  total  number  of  PFU  for  2 cell  cultures,  each  inoculated  with 
0.5  ml  is  used  for  the  calculation  of  sensitivity,  the  procedure  will 
detect  < 1 PFU/g  of  food  sample. 

Virus  was  not  detected  in  406  food  samples  by  a procedure  that  will 
detect  one  or  more  PFU/g  of  food  sample  (Table  III). 
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TABLE  III  - Samples  tested  for  food-borne  virus 


Food  Item 

No.  of  Samples 

Tested 

Host  Cell  Cult) 

Ground  beef 

116 

Vero,  BT-8 

Soy  protein 

31 

Vero,  BT-8 

Pork  sausage 

108 

Vero,  PK-15 

Clam 

22 

Vero 

Oyster 

31 

Vero 

Crab  muscle 

54 

Vero 

Crab  viscera 

44 

Vero 

TOTAL  406 

CONCLUSIONS 

The  procedure  established  in  this  study  is  suitable  for  the  testing 
of  a variety  of  food  items  for  viral  contamination.  The  absence  of 
detectable  virus  in  these  food  items  is  compatible  with  the  lack  of 
reports  on  the  isolation  of  virus  from  foods  and  a recent  (1977) 
report  of  negative  findings  for  virus  in  samples  from  7 food  proces- 
sing plants  and  60  retail  food  samples. 

RECOMMENDATIONS 

This  procedure  should  be  employed  for  the  testing  of  food  items  where 
foodborne  viral  disease  occurs  or  is  suspected. 

PUBLICATIONS 
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and  M.R.  SHALABY.  A survey  of  the  microbial  flora  of  ground  beef, 
textured  soy  protein  and  textured  soy  protein  extended  ground  beef 
after  3 days  and  10  days  storage  at  4 C.  Submitted  to  LAIR  Publi- 
cations Review  Committee  as  a LAIR  Report 

SHROYER,  E.L.  Food  as  a vehicle  for  virus  transmission.  (Abstract) 
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STUDY  NO.  19  Investigations  into  potential  insect  induced  toxico- 
logical problems  in  food 

EX-1  Insect  toxic  products  in  military  subsistence  - 

Induction  and  quantitation 
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] 


PROBLPt 

The  military,  with  its  necessity  for  transport  and  extended  storage 
of  foods  in  environments  favorable  to  insect  infestation,  is  concerned 
about  the  potential  health  hazards  associated  with  chemicals  released 
into  military  subsistence  by  insects.  Several  species  have  been 
recognized  as  important  pests  of  military  subsistence  and  many  of 
these  stored-product  insects  are  known  to  release  chemicals  into  in- 
fested food  products.  The  nature  and  toxicity  of  many  of  the  chemi- 
cals remains  to  be  determined.  At  present  no  satisfactory  methods 
are  available  for  the  detection  of  insect-induced  chemicals  in  the 
contaminated  subsistence.  Toxicological  evaluation  of  these  chemi- 
cals is  impossible  in  the  absence  of  standardized  methods  for  in- 
duction and  quantitation  of  the  suspected  material.  The  present 
study  is  designed  to  establish  an  in-house  resource  of  selected  in- 
sects of  military  subsistence,  to  develop  the  required  methodology, 
and  to  investigate  conditions  which  promote  the  release  of  toxic 
chemicals. 

RESULTS  AND  DISCUSSION  OP  RESULTS 

A stored-products  insectary  was  established  for  the  support  of  studies 
on  potential  insect  induced  toxicants  in  foods.  Colonies  of  eleven 
of  the  most  serious  coleopterous  pests  were  obtained  from  collabora- 
tors at  the  U.S.  Department  of  Agriculture,  Fresno,  California,  and 
the  Department  of  Entomology,  University  of  California,  Riverside, 
California.  Included  in  this  group  are  five  species  of  flour  beetles 
( Tcnebrioniiiaa ) which  are  know  to  secrete  highly  reactive  jj-benzo- 
quinones.  Selected  military  subsistence  items  are  being  used  as  the 
media  for  rearing.  Physical  conditions  suitable  for  insect  repro- 
duction and  development  were  optimized. 

A gas-liquid  chromatographic  (OLC)  method  for  the  detection  of  three 
chemicals  released  by  flour  beetles  was  developed.  The  three  chemi- 
cals are  2-methyl-l,4-benzoquinone  (MRO) , 2-ethyl-l ,4-benzoquinone 
(EBQ) , and  1-pentadecene  (PD).  The  OLC  method  allows  rapid  and  ac- 
curate analysis  of  levels  of  those  chemicals  in  insects.  The  extrac- 
tion of  these  chemicals  from  flour  beetles  is  achieved  with  hexane/ 
methanol  (95:5),  Investigations  into  methods  for  the  extraction  of 
these  chemicals  from  flour  have  been  unsuccessful  to  date. 

Since  benzoquinones  have  been  reported  as  both  acutely  toxic  and 
carcinogenic  to  laboratory  animals,  it  was  neccssarv  to  determine 
the  amount  of  these  compounds  formed  by  flour  beetles  as  a function 
of  species,  sex,  and  age.  MBQ,  F.BQ,  and  PD  concentrations  were  low 
(0. 5-2.0  pg/ Insect)  in  newly  eclosed  Triholium  confusum  and  T.  cas- 
tancum . The  levels  of  these  compounds  increased  with  age  until 
20-30  days  after  eclosion,  after  which  the  concentrations  maintained 
or  declined  slowly.  Each  30-dav  female  adult  T.  confusum  contained 
mean  concentrations  of  20.1  pg  MBn,  )5.5  pg  KBO,  and  24.2  pg  PD.  In 
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T.  castaneum,  each  30-i!ay  female  adult  contained  mean  concentrations 
of  21.3  uR  MBQ,  21.3  UR  EBQ,  and  21.9  ug  PD.  For  both  species,  adult 
fenales  routinely  contained  higher  levels  of  MBO,  EBO,  and  TD  than 
males  of  the  same  age. 

Since  current  regulations  allow  Tribolium  sp.  infestations  of  three 
insects  per  0.45  kg  (1  lb)  before  condemnation  of  the  subsistence, 
adult  T.  confusum  or  T.  castaneum  could  contribute  over  135  ug 
pybenzoquinone  and  65  ug  PD  per  kg  of  commodity.  These  amounts  would 
be  in  addition  to  those  secreted  into  the  commodity  by  the  beetles. 
During  stress  situations  these  compounds  are  rapidly  released  and 
replacement  benzoquinones  quickly  synthesized.  Investigations  are 
continuing  to  obtain  similar  data  for  T.  nadens  and  T . brevicornis , 
which  reportedly  contain  3 to  5 tines  the  concentration  of  p-benzo- 
quinones  found  in  T.  confusum  and  T.  castaneum. 

CONCLUSIONS 


An  in-house  resource  of  coleopterous  stored-products  pests  of  mili- 
tary subsistence  was  established  for  the  first  tine  at  this  Insti- 
tute for  the  support  of  studies  on  potential  insect  induced  toxi- 
cological problems  in  food.  This  capability  has  been  expanded  to 
include  eleven  snecies  reared  on  selected  military  subsistence  items. 
It  was  also  possible  to  develop  methods  for  detection  of  three  chemi- 
cal compounds  released  by  flour  beetles  and  to  standardize  and  quanti- 
tate toxic  materials  released  by  some  of  these  pests. 


RECOMMENDATIONS 


The  investigation  of  £ybenzoquinones  and  1-pentadecene  released  by 
other  species  of  Tribolium  should  be  continued.  Further  work  is 
also  necessary  on  the  release  of  these  chemicals  from  flour  beetles 
into  infested  commodities  under  different  environmental  and  stress 
conditions.  These  data  will  provide  information  on  the  amount  of 
£-benzoquinone  present  in  infested  flour  which  will  be  necessary  for 
future  toxicological  analyses. 

PUBLICATIONS 

WIRTZ,  R.A.,  S.L.  TAYLOR,  and  H.C.  SF.MF.Y.  £-Benzoquinone  and  1-penta- 
decene concentrations  in  the  flour  beetles  Tribolium  confusum  J.  du 
Val  and  Tribolium  castaneum  (Herbst),  Manuscript  submitted  for  publi- 
cation 

EX-2  Benzoquinones  from  the  secretory  glands  of  Tribolium 

confusum  and  Tribolium  castaneum  - Assay,  reactions, 
effects,  and  acute  toxicity 
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PROBLEM 


The  common  flour  beetles,  Tribolium  confuaum  and  Tribolium  castaneum, 
are  major  insect  pests  of  stored-product  subsistence.  These  flour 
beetles  are  known  to  produce  two  £-benzoquinones,  2-ethyl-l ,4-benzo- 
quinone  and  2-methyl-l,4-benzoquinone,  which  have  some  reported  toxi- 
city. Therefore,  stored-product  subsistence  could  pose  a military 
public  health  hazard.  However,  the  reported  toxicity  of  the  jj-benzo- 
quinone  is  based  on  rather  poorly  designed  experiments.  While  the 
£-benzoquinone  may  be  toxic,  the  reaction  of  the  £-benzoquinones  with 
amino  acids  and  proteins  may  modify  that  toxicity.  The  rate  and  ex- 
tent of  the  reactions  between  £-benzoquinones  and  amino  acids  and 
proteins  requires  evaluation  particularly  in  terms  of  stability. 

The  reactions  of  benzoquinones  with  various  food  components  and  the 
resultant  effects  on  food  quality  need  to  be  assessed.  The  reac- 
tions of  £-benzoquinones  with  important  biomolecules  may  provide 
clues  toward  the  biochemical  basis  of  quinone  toxicity.  The  acute 
toxicity  of  2-ethyl-l ,4-benzoquinones  (EBQ)  and  flour  to  which  EBQ 
has  been  added  will  be  determined  to  allow  comparisons  of  the  toxi- 
city of  unreacted  and  reacted  £-benzoquinones.  Potential  analytical 
techniques  for  the  detection  of  these  benzoquinones  in  food  products 
will  be  evaluated. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Preliminary  investigations  have  shown  that  the  product  formed  by 
reaction  of  proline  with  £-benzo quin one  is  not  an  unstable  charge 
transfer  complex  as  reported  in  the  literature.  The  reactions  be- 
tween the  £-benzoquinones  and  several  amino  acids  were  investigated, 
and  spectral  evidence  would  suggest  the  formation  of  several  prod- 
ucts including  the  1,4-addition  product.  Research  on  the  kinetics 
of  these  reactions  is  continuing. 

CONCLUSIONS,  RECOMMENDATIONS , ANI)  PUBLICATIONS 

None;  this  study  has  not  been  completed. 

STUDY  NO.  21  Enterotoxigenic  Escherichia  coli  from  foods 

EX-1  Assessment  of  methods  for  the  identification  of 

enterotoxin-producing  Escherichia  coli  strains 

PROBLEM 


The  association  of  Salmonella , Shicjel  la  and  Staphi/lococcus  aureus 
with  gastroenteritis  is  well-documented,  and  adequate  methods  for 
isolation  and  Identification  are  available  for  these  bacterial 
organisms.  Recently,  the  potential  of  other  bacterial  species,  such 
as  Escherichia  coli,  to  cause  gastrointestinal  disease  has  been  recog- 
nized. Adequate  methods  for  the  separation  and  identification  of 


enterotoxin-produclng  *.  coli  (EEC)  strains  from  strains  not  capable 
of  enterotoxin  production  are  not  available.  Although  E.  coli  is 
routinely  isolated  from  food  products,  the  incidence  of  strains  with 
enterotoxigenic  properties  is  unknown.  Since  foods  have  been  dem- 
onstrated as  a vehicle  of  transmission  for  enterotoxigenic  E.  coli 
the  ability  to  identify  such  strains  is  important.  Invasive  and  non- 
inyasive  EEC  have  been  identified.  Among  the  non-lnvasive  strains 
which  are  frequently  transmitted  through  foods  and  can  produce  diar- 
rheal disease  similar  to  salmonellosis,  organisms  nay  produce  either 
an  antigenic  l.eat-labile  enterotoxin  (LT)  or  a non-antigenic  heat- 
stable  enterotoxin  (ST),  or  both  enterotoxin  types.  The  ligated 
intestinal  loop  assay  is  the  only  method  available  for  assay  of  ST 
while  several  promising  assays,  such  as  the  vascular  permeability 
assay,  activation  of  adenyl  cyclase  and  its  effect  on  tissue  culture 
cells,  and  a serological  assay  have  been  developed  for  identifica- 
tion of  LT-producing  strains  from  clinical  cases. 

This  experiment  will  evaluate  the  use  of  these  methods  for  identi- 
fication of  EEC  in  foods  as  well  as  the  feasibility  for  their  routine 
use  in  food  testing  laboratories.  An  assessment  of  the  incidence  of 
EEC  in  foods  will  be  made. 

RESULTS  ACT  DISCUSSION  OF  RESULTS,  CONCLUh  ” ECO' IMENDAT IONS 

None;  this  study  has  not  been  completed. 

PUBLICATIONS 


None 


Methodology  for  isolation  of  EEC  from  foods 


PROBLEM 


Transmission  of  enterotoxin-produclng  E.  coli  (EEC)  strains  can  occur 
through  foods.  An  imported  cheese  was  identified,  in  1971,  as  the 
vehicle  for  the  transmission  of  E.  coli  serogroup  0124 :B17  which 
caused  an  outbreak  of  gastroenteritis.  At  the  time  of  that  outbreak 
no  precise  methodology,  other  than  serotvping,  was  available  for  the 
detection  and  identification  of  toxigenic  E.  coli  biotypes.  Following 
the  imported  cheese  incident,  a protocol,  based  on  the  use  of  elevated 
incubation  temperatures,  enrichment  media,  and  serotvping  of  broths 
was  developed  for  recovery  and  identification  of  enteropathogenic  E ! 

Recent  studies  have  revealed  that  no  relationship  exists  between 
enterotoxigenic ity  and  serotype.  This  correlates  with  the  biological 
nature  of  plasmids  and  the  demonstration  that  production  of  E.  coli 
enterotoxin  Is  plasmid-mediated. 


T 
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E.  coli  Is  frequently  isolated  from  foods.  Examination  of  a beef  3oy 
product  Indicated  a mean  level  of  this  organism  in  the  product  of 
23/g.  A random  examination  of  enteric  organisms  in  this  product 
indicated  six  E.  coli  biotypes  present.  This  is  not  an  uncommon 
situation  for  a food  product,  however,  a determination  of  enterotoxi- 
genic capabilities  of  each  biotype  isolated  would  be  time-consuming, 
expensive,  and  unfeasible  for  routine  food  testing  laboratories. 

A critical  need  exists  for  methodology  for  the  selective  isolation 
and  identification  of  enterotoxigenic  strains.  This  experiment  will 
determine  the  conditions  necessarv  for  the  isolation  of  enterotoxi- 
genic E.  coli  strains  from  foods. 

RESULTS  AND  DISCUSSION  OF  RESULTS,  CONCLUSIONS , RECOMMENDATIONS 
None;  this  study  lias  not  been  completed. 
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23.  (U)  The  objectives  are  to  provide  radioisotope  support  to  all  projects  requiring 
the  use  of  radioisotopes  and  improve  procedures  and  counting  techniques  where  needed, 
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Radiological  Protection  Officer,  LAIR,  a 32-hour  training  course  entitled,  "Safe 
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ABSTRACT 


PROJECT  NO. 


WORK  UNIT  NO. 


3M16272811  Military  Nutrition  and  Food  Hygiene 

005  Radioisotope  Support  for  Military 

Medical  Research 


Research  investigators  are  currentlv  being  supported  with  radioisotope 
services,  Including  procurement  and  storage  of  radioisotopes,  radiation 
safety  monitoring,  decontamination  of  glassware,  waste  disposal,  main* 
tenance  of  appropriate  logs  and  records,  and  maintenance  of  radiation 
detection  Instruments  for  investigator  use.  A 32-hour  training  course 
entitled,  "The  Safe  Use  and  Handling  of  Radioisotopes,”  was  presented 
on  2 occasions  during  the  current  fiscal  year. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  005 


Radioisotope  Support  for  Military 
Medical  Research 


PROBLEM 

The  use  of  radioisotopes  in  biomedical  research  has  proven  useful. 
Radioactive  substances  may  be  used  for  tracer  studies  and  therapy. 

Tracer  studies  may  be  utilized  in  either  basic  research  or  as  diagnostic 
aids.  Tracer  procedures  may  he  employed  to  follow  the  behavior  of 
specific  elements  or  compounds  in  the  body,  or  to  follow  the  path  of  any 
molecule  to  which  a radioactive  atom  has  been  attached,  when  the  latter 
takes  no  part  In  the  metabolism.  Thus,  the  formation  of  metabolic 
products  can  he  traced,  the  utilization  of  metabolic  products  can  be 
observed,  and  turnover  studies  can  be  readily  performed.  The  Radioisotope 
Division  is  responsible  for  procurement  and  storage  of  radioisotopes, 
radiation  safety  monitoring,  decontamination  of  glassware,  radioactive 
waste  disposal  and  maintenance  of  logs  and  regulations.  Advice  and 
counsel  are  given  to  Investigators  regarding  the  use  of  radioisotopes. 

Beta  and  Gamma  counting  instruments  are  maintained  for  use  of  investi- 
gators at  LAIR  in  support  of  military  medical  research. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Support  functions  delegated  to  the  Radioisotope  Division  were  maintained 
in  the  current  fiscal  year.  Current  instrumentation  includes  A gamma 
counting  instruments  and  7 liquid  scintillation  counters.  When  the 
Department  of  Information  Sciences  is  able  to  provide  the  computer  pro- 
gramming support,  such  as  we  previously  had  at  the  USAMRNL  in  Denver, 
we  will  be  able  to  provide  the  services  of  disintegrations  per  minute 
determinations  and  additional  mathematical  calculations.  Many  hours  of 
conference  and  planning  time  have  been  committed  to  this  effort  in  this 
fiscal  year.  The  system  programming  is  estimated  to  be  75%  completed. 

Bulk  procurement  of  radioisotope  support  supplies  such  as  liquid  scintil- 
lation counting  solutions  and  vials  results  in  price  difference  savings. 
Additional  savings  are  accrued  by  processing  a few  large  orders  instead 
of  numerous  small  orders  from  the  3A  research  investigators  currently 
authorized  to  use  radioisotopes.  A charge  back  system  has  been  estab- 
lished to  distribute  these  costs  to  the  appropriate  research  work  unit. 

Through  the  cooperative  effort  of  the  Health  Physics  Officer,  LAMC,  the 
Physicist,  LAMC,  and  the  Radiological  Protection  Officer,  LAIR,  a 32-hour 
training  course  entitled,  "Safe  Use  and  Handling  of  Radioisotopes,"  was 
presented  in  November  1976  and  again  in  March  1977. 


( 


CONCLUSIONS  AND  RECOMMENDATIONS 

The  use  of  radioisotopes  Is  essential  to  the  mission  of  LAIR.  It  Is 
reconnended  that  the  centralised  support  activity  be  maintained  as  the 
most  economical  and  efficient  means  of  making  radioisotopes  available  to 
research  investigators  while  maintaining  adequate  control  of  their  use 
and  thus  protecting  the  health  of  laboratory  personnel.  Technological 
studies  should  continue  to  identify  the  most  efficient,  the  most  accu- 
rate, and  the  most  economical  laboratory  procedures  to  be  used  in  the 
routine  use  of  radioisotopes. 

PUBLICATIONS 

None 
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23.  (U)  Military  personnel  require  highly  responsive  adaptive  mechanisms  for  the  regula- 
tion of  blood  glucose  and  other  substances  which  are  essential  for  normal  mental  and 
muscular  activity.  Previous  studies  have  shown  that  certain  hepatic  enzymes  adapt 
(l.e.,  increase  or  decrease  in  activity)  to  diet,  folic  acid,  hormones,  and  medications, 
These  adaptive  responses  maintain  the  blood  glucose  level  by  coordinating  the  processes 
of  gluconeogenesis,  glycolysis,  glycogenesis,  glycogenolysis,  lipogenesis  and  lipolvsis 
depending  on  the  physiological  state.  Impairment  of  these  complex  adaptations  may 
interfere  with  performance  during  training,  combat  operations,  and  recovery  from  injury. 

24.  (U)  The  hepatic  adaptive  responses  of  selected  patients  with  hypoglycemia  and  other 
disorders  of  blood  glucose  regulation  and  related  problems  will  be  studied.  The  effect 
of  diet,  folic  acid,  certain  therapeutic  agents,  and  exercise  on  blood  glucose  regu- 
lation will  be  studied.  The  acute  effect  of  hormones  on  hepatic  enzymes  will  be 
tested  on  animals. 

25. (11)  76  10  - 77  09  Hydroxocobalamin,  a potent  form  of  vitamin  alleviated  the  sub- 
jective symptoms  in  5 patients  and  Improved  the  nerve  conduction  velocity  measurements 
in  5 out  of  7 patients  with  diabetic  neuropathy.  Glucagon  increased  and  serotonin 
decreased  blood  glucose.  Glucagon  increased  gluconeogenetic  enzyme  activities  and 
cyclic-,' IMP,  whereas  secretin  decreased  pyruvate  kinase  activity  and  cycllc-AMP.  Chole- 
cystokinin,  histamine,  serotonin,  and  gastrin  increased  pyruvate  kinase  activity.  In 
one  of  three  patients  with  hypoglycemia,  hyperinsullnemia  was  found  after  glucose 
ingestion  but  not  after  intravenous  glucose.  Assays  have  been  established  to  measure 
non-insulin  sources  of  insulin-like  activity  which  may  account  for  glucose  utilization 
in  stress  states. 
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ABSTRACT 


3M762772A811  Military  Nutrition  and  Food  Hygiene 

010  The  Metabolic  Response  of  Hepatic 

and  Extra-Hepatic  Tissues  to  Dietary 
Substances,  Drugs  and  Hormones  in 
Health  and  Disease 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  7 The  role  of  somatomedin  and  regulation  of  fuel  for 
exercise 

STUDY  NO.  12  Studies  of  non-insulin  dependent  mechanisms  of 
glucose  utilization  in  exercise 

STUDY  NO.  7.  The  utilization  and  production  of  glucose  during  exercise 
is  not  completely  understood.  Glucose  utilization  increases  while 
Insulin  secretion  decreases  and  insulin  is  released  from  its  receptor 
on  exercising  muscle.  Insulin  accounts  for  less  than  10%  of  insulin- 
like activity  (ILA)  in  serum  as  determined  by  bioassays.  The  remainder 
of  the  activity  is  due  to  substances  collectively  called  non- 
suppressible  insulin-like  activity  (NSILA).  It  is  possible  that  one  of 
these  substances  nay  be  activated  during  exercise  and  may  replace 
insulin  as  the  mediator  of  glucose  utilization.  Somatomedin  (Sm),  a 
peptide  produced  in  response  to  growth  hormone  (CH) , exhibits  ILA  and 
can  compete  for  the  insulin  receptor.  Insulin,  in  theory,  would  have 
adverse  effects  on  performance  because  it  inhibits  mobilization  of  free 
fatty  acids  from  adipose  tissue  and  inhibits  hepatic  gluconeogenesis. 

If  Sm  is  the  mediator  of  exercise  glucose  utilization,  the  effects  on 
hepatic  gluconeogenesis  should  be  different  than  those  of  insulin.  A 
radioreceptor  assay  has  been  developed  in  order  to  measure  Sm  levels  in 
exercising  humans  (see  Study  No.  12,  Work  Unit  010)  and  to  monitor  its 
purification.  Purified  Sm  will  be  used  later  to  study  the  effects  of 
Sm  on  hepatic  gluconeogenetic  enzymes  and  glucose  production  from 
*^C-alanine  in  perfused  livers. 

STUDY  NO.  12.  Individual  soldiers  vary  in  their  ability  to  exercise 
maximally  or  recover  from  injury.  Both  abilities  are  dependent 
partially  upon  the  effective  production  and  utilization  of  fuel  sub- 
stances like  glucose.  Such  variations  can  possibly  be  explained  by 
defects  in  the  adaptive  hormonal  raileu  that  accompanies  severe 
exercise  or  trauma.  Somatomedin  (Sm) , which  has  insulin-like  activity 
(see  Study  No.  7,  Work  Unit  010),  may  be  involved  in  glucose  utiliza- 
tion during  stress  states  and  probably  plays  a role  in  the  reparative 
process.  Measurement  of  Sm  by  a radioreceptor  assay  in  3 exercising 
subjects  showed  an  increase  in  Sm  activity  and  a fall  to  pre-exercise 
levels  at  the  time  of  exhaustion  in  2 experiments.  Sm  was  slightly 
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elevated  in  the  serum  of  a catabolic  patient  prior  to  starting 
parenteral  hyperalimentation  and  rose  even  higher  after  beginning 
hyperalimentation.  Plans  are  underway  to  study  the  acute  and  chronic 
changes  in  Sm  that  occur  in  normal  soldiers  undergoing  a training 
program  and  in  surgical  or  traumatized  patients.  Subsequent  studies 
will  focus  on  soldiers  who  perform  poorly  during  basic  training  or 
maneuvers  to  compare  the  Sm  adaptive  response. 
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010 

The  Metabolic  Response  of  Hepatic 
and  Extra-Hepatic  Tissues  to  Dietary 

Substances,  Drugs  and  Hormones  in 

Health  and  Disease 

STUDY  NO. 

7 

The  role  of  somatomedin  and  regulation 
of  fuel  for  exercise 

PROBLEM 

The  ability  of  soldiers  to  perform  maximally,  to  endure  physical  and 
emotional  stress  and  to  recover  from  injury  are,  to  a large  extent, 
dependent  upon  the  hormonal  and  metabolic  adaptation  that  occur  during 
such  stress  states.  All  of  these  functions  are  dependent  upon  fuel 
substances  such  as  glucose,  amino  acids  and  free  fatty  acids  which  are 
' derived  from  the  diet  or  which  are  endogenously  produced.  One  of  the 

major  fuel  sources  is  glucose.  The  utilization  and  production  of  glucose 
during  exercise  and  other  stress  states  is  not  completely  understood. 
Glucose  utilization  proceeds  at  an  increased  rate  during  exercise,  while 
radioassayable  insulin  decreases  and  insulin  is  released  from  its 
receptor  sites  on  exercising  muscles.  Diabetics  can  utilize  glucose 
during  exercise  despite  a total  lack  of  insulin.  These  observations 
suggest  that  an  alternative,  non- insulin-dependent  mechanism  of  glucose 
utilization,  may  be  operating  during  such  stress  states.  Failure  to 
perform  effectively  during  maximal  exercise  possibly  tould  be  due  to 
defects  in  the  non-insulin-dependent  mechanisms  of  glucose  utilization. 

There  are  substances  in  the  blood  which  clearly  are  not  insulin  but 
which  have  insulin-like  activity.  Insulin  itself  accounts  for  less 
than  10%  of  the  total  insulin-like  activity  of  serum  as  determined 
by  bioassays.  One  of  the  serum  components  which  accounts  for  a 
significant  portion  of  the  total  insulin-like  activity  is  somatomedin 
(Sm) . Sm  is  a growth  factor,  which  is  produced  in  response  to  growth 
hormone  (which  increases  during  stress  states),  is  capable  of  exerting 
action  on  the  insulin  receptor,  stimulates  DNA  synthesis,  and  stimulates 
other  growth  promoting  enzyme  reactions. 

If  Sm  is  responsible  for  non-insulin-dependent  glucose  utilization,  one 
should  be  able  to  demonstrate  an  increase  of  Sm  during  exercise.  Sm 
has  been  measured  during  exercise  in  one  reported  instance  and  despite 
the  expected  growth  hormone  increase,  Sra  did  not  increase.  One 
possibility  for  the  failure  to  see  an  Increase  in  that  experiment  may 
have  been  the  presence  of  a protease  which  rapidly  degraded  the  Sm. 

This  is  a reasonable  postulate  since  proteases  are  activated  during 
exercise  and  teleologically  such  a substance  should  be  subject  of  control 
or  hypoglycemia  might  ensue  after  exercise.  The  action  of  insulin 
Itself  should  be  detrimental  to  exercise  since  it  is  a potent-inhibitor 
of  lipolysis  and  gluconeogenesis.  In  theory,  the  substance  which 
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replaces  Insulin  during  exercise  should  not  Inhibit  hepatic  gluconeo- 
genesls  which  is  a major  source  of  glucose  during  exercise.  One 
could  indirectly  test  the  assumption  that  Sm  plays  a role  in  exercise 
by  examining  the  effect  of  Sm  on  hepatic  gluconeogenetic  enzymes. 

Initial  efforts  at  purifying  sufficient  Sm  to  perfuse  isolated  rat 
livers  are  underway  in  this  laboratory.  A system  of  perfusing  Isolated 
rat  livers  and  the  means  to  measure  hepatic  gluconeogenetic  enzymes  are 
available. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

35 

A bioassay  of  Sm  based  upon  serum  stimulation  of  SO^  incorporation 
into  cartilage  fragments  of  hypopliysectomized  rats  was  set  up  in  this 
laboratory.  A previous  report  in  the  literature  in  which  this  assay 
was  used  showed  no  increase  of  Sm  activity  in  the  serum  of  an  exercising 
subject.  The  effects  of  Trasylol^1  ' fa  protease  inhibitor)  on  the  assay 
system  were  investigated.  Trasylol^  ’ (2,500  p/ml)  caused  significant 
depression  of  ^^SO^  incorporation  on  base  line  values;  i.e.,  cartilage 
incubated  in  buffer  alone.  Similar  doses  were  without  effect  when 
added  to  incubation  media  containing  cartilages  and  serum.  In  a 
preliminary  study,  Trasyiol^R  was  added  to  blood  at  the  Instant  of 
collection  from  a healthy  male  subject  before  and  after  30  minutes  of 
exhaustive  exercise.  Serum  Sm  activity  tended  to  be  higher  (p  < 0.1) 
at  the  end  of  exercise,  but  not  significantly.  The  assay  was  variable 
and  tedious  to  perform.  Therefore,  a radioreceptor  assay  of  greater 
sensitivity  and  precision  was  developed  with  the  assistance  of  Ur.  K. 
Uthne,  A.  U.  Kabl,  Stockholm,  Sweden.  This  assay  is  based  upon  the 
competition  of  Sm  in  an  unknown  sample  with  a ^I-radiolabelled  trace 
(SmA,  a neutral  peptide)  for  receptor  sites  on  crude  human  placental 
membranes.  In  trace  binding  to  the  membranes  in  0.05  M Tris  - 12 
bovine  albumin,  the  pll  7.4  varied  between  8-242  depending  upon  the 
purity  of  the  SmA  used  for  labelling  (lactoperoxidase  method).  Human 
serum  Incubated  18  to  20  hours  at  4®C  caused  linear  displacement  at 
doses  of  20,  40  and  80  pl/300  pi  reaction  volume.  Rat  serum  was 
approximately  7 to  10  times  as  potent  in  the  assay  as  human  serum 
with  doses  of  2.5,  5 and  10  pl/300  pi  incubation  volume  causing 
similar  displacement.  The  displacement  curves  were  parallel  with  the 
curves  from  a standard  pooled  serum  from  the  same  species  which  was 
arbitrarily  assigned  a value  of  1.0  and  from  which  the  potency  of 
unknown  samples  was  calculated.  This  assay  has  been  used  to  measure 
human  Sm  (see  Study  .Vo.  12,  Work  Unit  010)  and  will  be  used  to  monitor 
Sm  purification  for  perfusion  of  isolated  rat  livers. 

CONCLUSIONS 


The  utilization  of  glucose  during  exercise  and  other  stress  states  is 
likely  due  to  the  action  of  some  hormonal  substance  other  than  insulin. 
An  alternative  mechanism  involving  Sm,  which  has  insulin-like  activity, 
has  been  postulated.  The  placental  membrane  radioreceptor  assay  is  a 
valuable  tool  for  determining  small  changes  in  Sm  activity. 
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KKCOMM EQUATIONS 


Additional  efforts  at  purification  of  sufficient  quantities  of  Sm  to 
perform  liver  perfusion  studies  should  be  completed.  If  Sm  is  found 
to  augment  gluconeogenesis  in  these  animal  studies,  further  studies 
to  clarify  the  mechanism  of  Sm  action  during  exercise  and  trauma  should 
be  undertaken  with  the  possible  goal  that  the  effect  of  Sm  could  be 
potentiated  pharmacologically  tc  improve  performance  or  improve  the 
rate  of  wound  healing  in  humans. 

STUDY  NO.  12  Studies  of  non- insulin  dependent 

mechanisms  of  glucose  utilization 
in  exercise 

PROBLEM 

The  utilization  of  glucose  is  generally  considered  to  be  dependent  upon 
the  presence  of  insulin.  In  some  circumstances  there  appears  to  be 
significant  non-insulin-dependent  glucose  utilization,  e.g.  during 
exercise,  following  some  trauma,  and  during  catabolic  states.  Since 
glucose  is  a major  fuel  for  muscle  work  and  central  nervous  system 
function  it  is  conceivable  that  an  abnormality  in  the  non-insulin 
dependent  mechanism  of  glucose  utilization  could  lead  to  ineffective 
physical  or  mental  performance  during  such  stress  states.  Clearly, 
individuals  vary  in  their  ability  to  undergo  severe  physical  activity 
or  recover  from  trauma.  It  is  probable  that  biochemical  or  hormonal 
factors  may  modulate  the  individual  soldier's  adaptation  during  the 
stress  of  exercise  or  trauma.  Knowledge  of  the  mechanisms  by  which 
substrates  for  energy  are  produced  and  utilized  could  provide  a means 
for  detecting  individuals  with  limited  adaptability  during  stress 
states. 

We  have  developed  a theory  involving  somatomedin  (Sm)  and  possibly 
other  factors  to  account  for  non-insulin-dependent  glucose  utilization 
during  exercise  (see  Study  No.  7,  Work  Unit  010).  The  same  mechanism 
may  be  operative  during  other  stress  states,  such  as  trauma,  which  are 
characterized  by  growth  hormone  secretion.  The  probable  involvement 
of  these  substances  during  catabolic  states  is  pointed  out  by  studies 
of  severely  burned  patients  who  have  a signif leant ly  shorter  period  of 
negative  nitrogen  balance  and  an  enhanced  feeling  of  well  being  when 
treated  with  large  doses  of  growth  hormone.  Growth  hormone  treatment 
also  appears  to  prevent  stress  ulceration  of  the  stomach,  a common 
complication  of  severely  injured  patients.  Since  the  anabolic  response 
to  growth  hormone  is  mediated  by  substances  like  Sm  it  is  probable  that 
these  substances  are  involved  in  the  adaptation  to  stress  states,  which 
are  characterized  by  an  increase  in  hormone  secretion.  Treatment  with 
growth  hormone,  however,  is  impractical  because  of  limited  amounts  of 
the  hormone.  If  the  mechanism  by  which  Sm  and  related  substances  are 
activated  could  be  understood,  it  may  be  possible  to  provide  a means 
of  treating  such  patients  more  effectively. 


RESULTS  AND  DISCUSSION  OF  RESULTS 


Using  the  placenta  membrane  radioreceptor  assay  for  SmA  which  was  more 
precise  and  less  variable  than  bioassay  systems,  we  have  observed  an 
increase  in  Sm  activity  during  60%  maximal  exercise  in  three  subjects. 
In  two  of  the  three  experiments  in  which  exhaustion  was  achieved,  a 
drop  in  Sm  to  the  pre-exercise  level  was  observed  at  the  time  of 
exhaustion.  The  significance  of  these  findings  is  unknown.  Work  on 
the  effect  of  protease  inhibitors  on  the  radioreceptor  assay  system 
has  been  started.  It  is  possible  that  larger  increases  in  serum  Sm 
will  be  seen  in  exercising  subjects  if  protease  inhibitors  are  added 
immediately  to  collected  blood.  The  fall  in  Sm  activity  at  the  time 
of  exhaustion  is  interesting  but  more  experiments  must  be  done  to 
determine  if  this  is  a reproducible  finding.  Using  the  same  assay 
system,  we  measured  Sm  in  one  debilitated  patient  who  was  undergoing 
hyperalimentation.  The  Sm  levels  prior  to  hyperalimenation  were 
slightly  elevated,  and  increased  further  to  clearly  elevated  levels 
after  one  week  of  hyperalimentation. 

CONCLUSIONS 

The  increased  levels  of  Sm  observed  in  exercising  subjects  and  in  a 
patient  undergoing  hyperalimentation  suggest  that  Sm  may  be  involved 
in  the  adaptation  to  stress  states  such  as  exercise  and  trauma. 

RECOMMENDATIONS 


Additional  studies  are  needed  to  clarify  the  mechanisms  of  non-insulin 
dependent  glucose  utilization  during  exercise  and  following  trauma. 
Changes  of  Sm  in  subjects  undergoing  exercise  and  in  patients  in 
catabolic  states  should  be  more  thoroughly  investigated.  The  effects 
of  protease  and  protease  inhibtors  upon  the  assay  system  are  needed  in 
order  to  elucidate  the  mechanism  by  which  Sm  and  related  substances 
are  activated.  Changes  in  Sm  in  a group  of  normal  subjects  during 
exercise  and  training  can  be  applied  to  examine  trainees  and  soldiers 
who  fail  to  perform  adequately  during  training  or  maneuvers.  A 
medication  should  be  sought  which  will  activate  the  Sm  system  in 
normal  subjects  possibly  to  enhance  exercise  performance  and  in 
injured  patients  to  enhance  the  recovery  from  injury. 
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23.  (U)  Acute  and  chronic  gastrointestinal  (Gl)  diseases  affect  military  personnel. 

These  diseases  cause  long-term  morbidity,  loss  of  duty  time;  and  high  costs  of  con- 
tinuing in-  and  out-patient  care.  In  1966  in  Vietnam  (RVN),  diarrheal  diseases 
accounted  for  12%  of  all  hospital  admissions.  In  World  War  II  functional  dyspepsia  and 
chronic  idiopathic  diarrhea  accounted  for  15-20%  of  admissions  to  war  zone  hospitals 
and  62%  of  these  patients  were  returned  to  CONUS  for  treatment.  Acute  diarrhea  is 
disabling  and  difficult  to  prevent  since  the  etiology  is  often  unknown  (e.g.  87%  of 
1,954  patients  in  RVN,  May  1965).  Chloroquin,  a potent  anti-malarial  agent,  often 
causes  acute  diarrhea  leading  to  non-compliance  and  hence  ineffective  malarial  pro- 
phylaxis. GI  injury  from  combat  wounds  precludes  enteral  feeding  and  results  in 
atrophy  of  the  small  intestine,  pancreas,  and  liver.  Atrophy  may  be  due  to  absence  of 
gastrin  which  results  from  lack  of  enteral  feeding  or  traumatic  loss  of  gastrin  se- 
creting tissue.  Gastrin  replacement  may  reverse  Gl  atrophy  and  enhance  rehabilitation. 

24.  (U)  We  will  study  (1)  the  response  of  GI  enzymes  to  diet,  folic  acid,  and  chloroquin 
In  patients  with  chronic  idiopathic  diarrhea;  (2)  the  effect  of  enterotoxins  and 
chloroquin  on  animal  jejunal  mucosal  enzymes  in  vitro;  (3)  the  effect  of  gastrin 
administration  on  Gl  glycolytic  enzymes  in  gastrin  deficient  patients;  and  (4)  the 
ability  of  gastrin  to  enhance  healing  of  GI  injury  in  suitable  patients. 

-j(U)  76  10  -^7  09  In  an  in  vitro  system,  jejunal  mucosa  from  the  oig  and  guinea  pig 
incorporated  C-leucine  into  protein,  C-thymidine  into  DNA,  and  ^C-uridine  into 
RNA.  C-leucine  incorporation  into  protein  was  inhibited  by  cycloheximide. 

I rellmlnary  In  vit^o  studies  indicate  that  pentagastrin  infusion  stimulated  the 
incorporation  of  n-' 4 — 1 *-J • 


C-leucine  into  human  jejunal  mucosa. 
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ABSTRACT 


3M762772A811  Military  Nutrition  and  Food  Hygiene 

Oil  The  Metabolic  Response  of  the 

Gastrointestinal  Tract  to  Dietary 
Substances,  Drugs  and  Hormones  in 
Health  and  Disease 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  HO.  1 In  vitro  study  of  control  of  small  intestinal 
mucosal  enzymes 

STUDY  NO.  6 In  vivo  study  of  the  control  of  small  Intestinal 
enzymes  in  man 

STUDY  NO.  1.  It  has  been  demonstrated  that  gastrin,  an  hormone 
elaborated  by  the  antrum  of  the  stomach  and  the  first  portion  of  the 
duodenum,  lias  trophic  action  on  the  small  intestine,  liver,  and 
pancreas  of  the  rat.  In  order  to  study  the  effect  of  gastrin  in  vitro 
on  human  small  intestinal  tissue  obtained  by  peroral  biopsy,  the 
in  vitro  techniques  must  be  developed  with  the  use  of  animal  tissues. 

We  have  developed  a technique  for  preparing  suspension  of  rat  small 
intestinal  enterocytes  which  have  at  least  30  to  90%  viability  and 
less  than  15%  contamination  with  noneplthelial  cells.  The  isolated 
enterocytes  incorporate  C-leucine  into  ^jrotein.  Preliminary  studies 
demonstrate  that  pentagastrin  stimulates  C-leucine  Incorporation  into 
protein  after  4 h of  incubation. 

STUDY  NO.  6.  Gastrin,  a polypeptide  hormone,  synthesized  in  the 
gastric  antrum,  has  recognized  trophic  effects  in  the  small  intestine 
in  rats.  Gastrin  deficiency  due  to  absence  of  enteral  food  or  antral 
tissue  leads  to  gastrointestinal  atrophy.  If  the  trophic  effect  of 
gastrin  is  required  for  normal  intestinal  protein  synthesis,  then 
gastrin  deficiency  (resulting  from  gastric  or  intestinal  resection)  will 
lead  to  abnormal  protein  and  enzyme  synthesis  and  subsequent  abnormal 
gastrointestinal  function.  The  acutely  injured  soldier  with  abdominal 
injuries  requiring  gastric  or  Intestinal  resection  may  be  gastrin 
deficient  and  consequently  postoperative  gastrointestinal  function  may 
be  favorably ^nf luenced  by  gastrin  therapy.  Nine  patients  were  studied. 
We  measured  ^-leucine  incorporation  into  protein,  and  intestinal 
glycolytic  enzymes  pre-  and  post-pentagastrin  infusion. 
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WORK  UNIT  NO.  Oil  The  Metabolic  Response  of  the 

Gastrointestinal  Tract  to  Dietary 
Substances,  Drugs  and  Hormones  in 
Health  and  Disease 

STUDY  NO.  1 In  vitro  study  of  control  of  small 

Intestinal  mucosal  enzymes 

PROBLEM 


^tudies  of  the  mechanism  of  action  of  gastrin,  including  its  effect  on 
4C-leucine  incorporation  .'.nto  protein,  on  the  intestinal  epithelial 
cell  have  been  hampered  by  the  fact  that  mucosal  preparations  contain  a 
mixed  population  of  cells  including  not  only  the  intestinal  absorptive 
cells  but  those  of  the  lamina  propria  as  well.  In  order  to  study  the 
epithelial  cells  directly  we  have  investigated  the  possibility  of 
utilizing  isolated  enterocyte  preparations.  We  have  prepared  viable 
rat  intestinal  epithelial  cells,  free  of  contamination  by  mesenchymal 
elements  and  gut  flora. 


RESULTS  AND  DISCUSION  OF  RESULTS 

Our  present  method,  which  is  a modification  of  many  previous  methods, 
has  led  to  a procedure  which  is  relatively  simple,  rapid,  and  results 
in  an  isolated  villus  cell  population  with  80  to  90%  viability  and  less 
than  15%  contamination  with  noneplthelial  cells.  Individual  rat  gut 
sacs  filled  with  a 20  mg/dl  hyaluronldase-sodium  citrate-phosphate 
buffer  were  incubated  at  37  C while  being  shaken  at  100  cps  in  a Dubnoff 
shaker,  then  perfused  with  phosphate  buffer.  The  perfusate  was 
collected  and  centrifuged.  The  cellular  pellet  was  collected, 
resuspended  in  phosphate  buffer  and  centrifuged  and  resuspended  in 
Trowell's  b^al  salt  medium  with  10%  calf  serum  added.  To  this  cell 
suspension  X-leucine  was  added  and  its  incorporation  into  protein 
was  determined. 


Cellular  viability  was  studied  by  staining  with  nigrosin,  trypan  blue, 
and  A-acetoamido-A'-isothiocyanostilbene-Z^'-disulfonic  acid  (SITS), 
a fluorescent  vital  stain.  Eighty  to  90%  viability  was  obtained  after 
isolation  with  a diminution  to  approximately  70%  after  one  hour. 

Preliminary  experiments  in  which  isolated  small  bowel  epithelial  cells 
were  used  show  HC-leucine  incorporation  into  protein.  Early  studies 
indicate  that  the  addition  of  pentagastrin  directly  to  the  culture 
medium  stimulates  protein  synthesis  after  four  hours  of  incubation 
whereas,  addition  of  chloroquin  diphosphate  appears  to  inhibit  slightly, 
the  incorporation  of  C-leucine  into  protein. 
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CONCLUSIONS 


It  is  possible  to  prepare  relatively  pure  viable  suspensions  of 
enterocytes  from  the  rat  gastrointestinal  tract.  The  enterocytes 
incorporate  1 X-leucine  into  protein  demonstrating  that  this  is  a 
suitable  preparation  for  in  vitro  gastrointestinal  studies.  These 
results  look  promising. 

RECOMMENDATIONS 


Further  investigation  should  be  done  so  that  an  in  vitro  enterocyte 
preparation  can  be  utilized  to  study  gastrointestinal  hormone  effects 
on  protein  and  nucleic  acid  biosynthetic  mechanisms  particularly  as 
affected  by  anti-malarial  agents  and  enterotoxic  agents  produced  by 
gastroenteritis-producing  organisms. 

PUBLICATIONS 


None 

STUDY  NO.  6 In  vivo  study  of  the  control  of 

small  intestinal  enzymes  in  man 

PROBLEM 

An  important  aspect  of  acute  gastrointestinal  disease  involves  combat- 
related  abdominal  injury  and  its  sequelae.  Abdominal  injuries  occur 
frequently  in  any  military  operation  and  develop  serious  complications. 

In  World  War  II,  in  one  field  hospital,  wounds  of  the  stomach  comprised 
416  of  3,154  cases  of  abdominal  injury.  The  fatality  rate  was  40X. 
Approximately  30%  of  the  abdominal  injuries  consisted  of  wounds  of 
the  small  intestine.  Approximately  20%  of  the  total  number  of 
injuries  required  partial  resection  of  the  gastrointestinal  tract. 

Many  patients  with  abdominal  injuries  will  have  altered  gastrointestinal 
function  secondary  to  resection  of  portions  of  the  intestinal  tract. 

With  improved  techniques  of  first  aid,  evacuation,  blood  replacement, 
surgery,  and  prophylaxis  and  treatment  of  infection,  we  can  expect  an 
increased  number  of  combat-wounded  soldiers  to  reach  the  postoperative 
period.  At  this  point  only  general  supportive  measures  are  available 
and  no  specific  therapy  is  known  which  can  hasten  healing  and  restore 
function  of  the  gastrointestinal  tract.  Food  intake,  intestinal  hormones 
and  intestinal  adaptation  all  make  considerable  contributions  to  the 
recovery  process  after  intestinal  resection.  Several  observations 
suggest  that  the  antral  hormone,  gastrin,  has  trophic  ef^cts  on  the 
gastrointestinal  tract.  In  rats,  gastrin  has  increased  AX-leucine 
^corporation  into  protein,  X-orotlc  acid  Incorporation  into  RNA,  and 
C-thymldlne  incorporation  into  DNA.  Gastrin  trophic  effects  have  been 
demonstrated  in  in  vitro  tissue  cultures  of  rat  gastric  and  duodenal 
mucosa.  Pentagastrln  stimulated  epithelial  cell  growth,  decreased 
cell  doubling  time,  and  decreased  cell  contact  inhibition. 
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Two  different  laboratories  have  demonstrated  the  importance  of  food 
intake  in  regulating  small  intestinal  enzymes.  In  rat,  intravenous 
hyperalimentation  decreased  intestinal  maltase  and  sucrase  activities. 
Tissue  gastrin  fell  concomitantly.  The  disacchar idases  were  restored 
to  control  levels  by  pentagastrin  which  suggests  tliat  gastrin  may  con- 
trol intestinal  disacchar idases  returned  to  normal  after  oral  feeding. 
Previous  studies  in  this  laboratory  have  demonstrated  increased  activity 
of  jejunal  glycolytic  enzymes  in  response  to  carbohydrate  meals. 

Specific  sugars  caused  adaptive  changes  in  the  enzyme  most  concerned 
with  the  metabolism  of  the  specific  substrate  and  was  in  addition  to  a 
generalized  increase  in  enzyme  activity  attributed  to  calories  alone. 
Since  food  intake  influences  gastrin  and  Intestinal  enzymes,  and  since 
gastrin  lias  documented  trophic  effects  in  the  gut,  it  is  conceivable 
that  gastrin  has  a generalized  effect  on  protein  synthesis  in  the  gut. 

If  the  trophic  effect  of  gastrin  is  required  for  normal  intestinal 
protein  synthesis,  then  gastrin  deficiency  states,  occurring  as  a 
consequence  of  gastric  or  intestinal  resection,  could  result  in  abnormal 
protein  synthesis  and  subsequent  maladaptation  of  intestinal  enzymes. 
There  is  ample  in  vivo  and  in  vitro  support  for  a gastrin  trophic  effect. 
There  is  also  evidence  to  suggest  tliat  food  intake  is  important  in 
determining  the  level  of  intestinal  enzymes  and  the  amount  of  tissue 
gastrin.  The  acutely  injured  soldier  who  has  lost  variable  amounts  of 
stomach  and  small  intestine  has  reduced  intestinal  function  by  virtue 
of  the  surgical  resection.  The  enzyme  activities  in  the  remaining  gut 
are  responsive  to  food  intake  and  gastrin,  both  of  which  have  been 
reduced  by  the  surgical  procedure.  It  is  reasonable  to  believe  that 
replacement  of  gastrin  will  restore  intestinal  enzymes  to  normal  and 
hasten  restoration  of  gastrointestinal  function.  We  will  study  the  role 
of  gastrin  in  the  control  of  selected  intestinal  enzyme  activities. 
Selected  patients  with  surgically  altered  gastric  physiology  will  be 
studied.  We  will  determine  if  any  alteration  of  the  intestinal  enzyme 
activity  can  be  reversed  by  administration  of  pentagastrin.  Related 
studies  on  the  dog  are  being  done  (See  Work  Unit  043,  Study  No.  1). 


RESULTS  AJID  DISCUSSION  OF  RH SUITS 

To  date  7 patients  and  2 volunteers  have  been  studied.  There  have  been 
no  technical  problems  related  to  pentagastrin  infusion  or  obtaining 
jejunal  tissue.  The  two  volunteers  did  have  considerable  gastric 
secretion  and  delayed  gastric  emptying  which  caused  nausea  and  vomiting. 
One  volunteer  was  unable  to  tolerate  the  infusion  for  the  full  16  hours 
and  received  only  64%  of  the  calculated  dose. 


Measurmenet  of  jejunal  tissue  in  vitro  demonstrated  that  5 out  of  7 
patients  and  both  volunteers  had  Increased  Incorporation  of  * C- 
leucine  into  TEA  precipitable  protein.  The  data  suggest  that  penta- 
gastrin may  increase  ^C-leucine  incorporation  into  protein.  Measure- 
ment of  glycolytic  enzymes  showed  an  increase  in  pyruvate  kinase 
activities  in  the  3 patients  who  liad  Billroth-T  surgery  and  one 
patient  with  idiopathic  diarrhea.  Increases  wore  seen  in  fructose 
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diphosphate  aldolase,  fructose-l-phosphate  aldolase,  and  fructose 
diphosphatase  In  the  patients  who  had  Billroth-I  surgery.  The  glycolytic 
enzymes  in  the  normal  volunteers  either  did  not  change  or  decreased.  No 
significant  changes  were  seen  In  dlsaccharldase  activities. 

CONCLUSIONS 

Our  preliminary  data  suggest  that  pentagastrln  ^creases  the  ability  of 
jejunal  epithelial  cells  of  man  to  Incorporate  4 C- leucine  Into  protein 
in  vitro  and  increases  glycolytic  enzymes  In  certain  patients. 

RECOMMENDATIONS 


These  results  are  encouraging  and  the  studies  should  be  pursued.  More 
patients  and  volunteers  should  be  studied.  Me  have  mastered  many  of 
the  technical  details  of  the  study  which  should  facilitate  our  future 
Investigations;  for  example,  we  have  shown  that  pentagastrln  can  be 
given  intravenously  with  little  or  no  untoward  effects. 
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ogic  measurements.  Rhesus  monkeys  will  be  housed  outdoors  in  enclosures  containing 
imulated  troops  of  50-100  monkeys,  and  low-cost  husbandry  methods  will  be  compared. 
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ave  been  accumulated  as  a nidus  for  domestic  breeding  of  this  species;  most  are  former 
esearch  animals  from  other  laboratories.  They  are  being  evaluated  for  breeding 
otential . Establishment) by  contract  of  an  outdoor  breeding  colony  of  rhesus  has  been 
ef erred  through  lack  of  funds. 
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3M762772A812  Military  Research  Animal 

Resources 

001  Studies  to  Assure  a Supply  of 

Nonhuman  Primates  for  Research 

The  following  investigations  have  been  conducted  under  this  work  unit: 

STUDY  NO.  1 Basic  studies  in  reproduction  of  owl  monkeys 

STUDY  NO.  2 Development  of  husbandry  methods  for  an  outdoor 

colony  of  macaque  monkeys 

Nonhuman  primates  are  essential  for  a number  of  areas  of  military 
biomedical  research.  Most  notably  they  are  used  in  infectious  disease 
to  establish  pathogenesis  of  infections  and  tests  of  chemotherapeutic 
agents  and  vaccines.  They  are  also  needed  for  research  in  trauma, 
resuscitation,  performance,  and  toxicologic  studies.  All  of  these 
studies  are  designed  to  benefit  military  personnel  who  are  exposed  to 
disease  or  toxic  substances,  or  who  suffer  injury  in  performance  of  duty. 

Nonhuman  primates  from  foreign  sources  are  becoming  decreasingly  avail- 
able; future  supplies  depend  upon  development  of  domestic  breeding 
colonies.  For  macaque  species,  considerable  data  and  some  experience 
are  available  for  management  of  breeding  colonies'  of  captive  monkeys. 

Much  needs  to  be  learned  so  they  can  be  produced  in  large  numbers  and  as 
economically  as  possible. 

An  urgent  need  exists  in  malaria  research  for  Aotus  species  (owl  monkeys); 
they  may  soon  be  included  on  the  list  of  endangered  species  and  be 
virtually  unobtainable  from  countries  of  origin.  A limited  amount  of 
data  are  available  about  the  husbandry  of  this  nocturnal  primate. 

This  Work  Unit  establishes  protocols  to  gain  information  about  efficient 
husbandry  methods  for  macaque  and  owl  monkeys. 

STUDY  NO.  1.  At  year's  end  there  were  110  animals  in  the  owl  monkey 
colony,  including  28  pairs  matched  by  karyotype.  Twenty  offspring  had 
been  produced  in  21.5  pair-years.  Basic  husbandry  conditions  and 
practices  were  established,  and  hematologic,  biochemical,  and  behavioral 
data  were  accumulated  and  analyzed.  Minimum  conditions  for  operation 
of  a laboratory  breeding  colony  of  Aotus  monkeys  have  been  defined. 

STUDY  NO . 2 . To  establish  an  economical  outdoor  breeding  colony  of 
macaque  monkeys  (rhesus  and  cynomolgus) , a tract  of  land  was  reserved 
at  Camp  Parks,  CA,  but  development  was  precluded  by  lack  of  funds.  A 
Request  for  Proposal  (RFP)  was  written  to  obtain  extramural  research 
in  outdoor  production  of  macaques,  but  the  RFP  has  not  been  advertised 


PROJECT  NO. 

WORK  UNIT  NO. 


for  the  same  reason.  Ninety  animals  are  on  hand  to  be  used  as  a 
nucleus  for  the  program.  They  are  being  characterized  for  reproductive 
capability . 
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WORK  UNIT  NO.  001  Studies  to  Assure  a Supply  of  Nonhuman 

Primates  in  Research 

STUDY  NO.  1 Basic  studies  in  reproduction  of  owl 

monkeys 

PROBLEM 

There  is  a critical  shortage  of  owl  monkeys  (Aotus  sp .)  for  biomedical 
research  because  the  countries  of  origin  have  severely  limited  exporta- 
tion. In  the  near  future  owl  monkeys  will  be  placed  on  the  list  of 
endangered  species.  This  will  make  importation  of  these  animals 
impossible  at  any  cost. 

Owl  monkeys  are  the  only  nonhuman  primate  in  which  falciparum  malaria 
can  be  maintained.  Consequently,  the  Army  is  dependent  upon  these  animals 
for  research  in  prevention  and  treatment  of  malaria. 

The  long  term  solution  to  provide  a source  of  these  animals  is  a domestic 
breeding  program.  Little  is  known  about  the  reproductive  biology  or 
behavior  of  owl  monkeys;  until  recently,  consistent  breeding  and 
rearing  of  these  animals  in  captivity  had  not  been  accomplished. 

The  objective  of  this  study  is  to  determine  the  environmental  and 
husbandry  conditions,  physiological  state,  and  behavior  which 
contribute  to  successful  laboratory  breeding  and  rearing  of  owl  monkeys. 
The  specific  investigations  in  progress  are  owl  monkey  husbandry, 
cytogenetic  analysis,  behavior  patterns,  hematology,  blood  chemistry, 
virology,  pathology,  growth,  pregnancy  diagnosis,  nutrition,  and  urine 
analysis . 

RESULTS  AND  DISCUSSION  OF  RESULTS 


The  owl  monkey  colony  now  comprises  110  animals.  In  addition  to 
newborns,  a group  of  30  wild-caught  animals  from  Bolivia  and 
another  group  of  30  from  Panama  were  added  to  the  colony  in  the  last 
year . 


A movable  aluminum  frame  was  designed  and  built  to  support  the  wire 
cages  and  nest  boxes  which  we  designed  and  tested  last  year.  As  the 
cages  and  nest  boxes  were  constructed,  paired  animals  were  moved  into 
them.  All  paired  animals  with  their  youngest  offspring  are  currently 
housed  in  these  cages.  All  juvenile  animals  are  housed  in  larger  cages 
of  the  same  design.  Single  animals  are  housed  in  single  stainless  steel 
rabbit  cages  on  cascade  racks.  This  system  seems  to  be  working  well. 

The  labor  required  to  clean  the  owl  monkey  area  has  been  reduced  by 
two-thirds  even  though  there  are  twice  as  many  animals. 


To  approximate  the  animals'  natural  habitat,  the  animal  rooms 
were  maintained  at  27  C and  50-60%  relative  humidity.  There  was  a 12-hour 
light/dark  cycle  with  a 30-minute  transition  period  ("dawn"  and  "dusk") . 
Because  Aotus  sp.  are  nocturnal,  normal  husbandry  procedures  are  carried 
out  during  the  dark  cycle  (0900-2030  hrs)  when  illumination  consists 
of  dim  red  light  (0.4  foot  candles). 

Nutrient  requirements  of  this  genus  are  not  known,  so  we  provided  a 
variety  of  foodstuffs  on  a fixed  schedule.  The  dietary  constituents 
and  the  schedule  are  listed  in  Tables  1 and  2,  respectively. 

To  reduce  variables  in  the  environment,  access  to  the  colony  is 
restricted  to  the  principal  investigator  who  is  a veterinary 
officer  and  3 specific  veterinary  technicians . 

Cytogenetic  analysis  of  most  of  the  owl  monkeys  (performed  by 
Dr.  T.C.  Jones  of  Pathobiology , Inc.,  Marlboro,  MA)  has  been  completed. 
Results  have  not  yet  been  received  for  some  animals  most  recently 
imported  from  Panama  and  some  LAIR-born  juveniles.  Two  previously 
undescribed  karyotypes  were  discovered  in  4 animals  purchased  from 
Yale  University.  These  are  Type  VIII  (2n  = 55)  and  Type  IX  (2n  = 56) . 

All  monkeys  imported  from  Bolivia  are  Type  VI  (male  2n  = 49,  females 
2n  = 50) . The  4 Panamanian  animals  typed  are  either  Type  II  (2n  = 54) 
or  Type  III  (2n  = 53)  . This  may  indicate  that  these  animals  are 
genetically  similar  to  the  Columbian  owl  monkeys. 

There  are  now  28  pairs  of  monkeys  matched  by  karyotype.  To  date  20 
offspring  have  been  produced  by  12  pairs  during  approximately  21 .5 
pair-years.  Eighteen  pairs  have  either  not  produced  offspring  or  have 
had  a long  interval  between  offspring.  The  following  factors  may 
contribute:  (1)  the  animals  do  not  have  the  optimum  karyotype  to 

produce  viable  gametes,  (2)  they  are  sexually  immature,  (3)  they  are 
physically  disabled  or  impaired,  (4)  they  have  been  paired  too  recently. 
Our  success  in  raising  healthy  offspring  demonstrates  that  wild-caught 
animals  can  be  maintained  and  mated  in  the  laboratory.  However, 
establishment  of  a production  colony  requires  that  the  offspring  also 
mate  successfully.  We  estimate  that  these  animals  must  be  2-3  years 
old  before  they  reach  sexual  maturity. 

The  acquisition  of  a low-light  level  television  camera  equipped 
with  a remote-control  zoom  and  pan/ tilt  mechanism,  high  resolution 
monitor,  and  recording  equipment  has  permitted  remote  observation  of 
owl  monkey  behavior  during  all  phases  of  the  light/dark  cycle.  The 
first  phase  of  the  study,  to  establish  a behavioral  taxonomy,  has  been 
completed.  A behavioral  taxonomy  is  a qualitative  list  of  all  behavior 
observed.  The  behavioral  taxonomy  was  divided  into  interactive  and 
noninteractive  behavior.  Categories  included  in  noninteractive  behavior 
were  feeding,  drinking,  autogrooming,  resting,  elimination,  locomotion, 
and  other  motor  activity.  Interactive  behavior  is  divided  into 
environmental  (activities  directed  toward  external  stimuli  but 

281 


i 


excluding  behavior  directed  toward  other  monkeys),  social  (activities 
directed  toward  other  monkeys  but  excluding  infant  care),  and  infant 
care . 

When  the  taxonomic  list  was  completed,  we  began  to  assemble  an  activity 
profile,  which  lists  the  frequency  of  a specific  behavior.  There  are 
2 groups  of  animals  in  this  phase  of  the  study.  One  group  consists  of 
12  pairs  and  the  other  is  made  of  15  Juveniles  in  gang  cages.  Each 
animal  is  observed  for  a minimum  of  8 ten-minute  periods.  Behavior  is 
classified  and  recorded  every  10  seconds  during  the  10-minute  period. 

For  both  groups  more  than  20,000  observations  will  be  recorded.  A 
frequency  matrix  will  be  compiled  by  computer  to  reflect  total 
occurrences  of  behavior  by  individuals  . 

Valuable  management  data  have  already  been  gained  from  these 
observations.  For  example  infants  have  been  observed  to  eat  solid 
food  at  about  3 weeks  of  age;  the  male  parent  shares  in  the  care  of 
offspring;  fighting  is  rare  between  members  of  a pair,  but  it  occurs 
between  pairs  when  their  cages  are  too  close  together. 

Data  to  determine  normal  blood  values  in  owl  monkeys  have  been  collected. 
A specialized  self-editing  computer  program  has  been  designed  to 
accept  input  by  relatively  untrained  personnel  via  CRT  terminal. 

A report  form  which  permits  easy  visualization  and  verification  of 
input  data  and  manual  data  analysis  has  been  designed.  More  complete 
analysis  is  performed  by  computer. 

Since  1975  approximately  400  blood  samples  representing  nearly  all  the 
animals  have  been  collected.  For  initial  analysis  and  to  determine 
baseline  hematologic  values,  blood  was  collected  from  65  anesthetized, 
clinically  normal  animals.  These  animals  comprised  the  following 
groups:  27  wild-caught  adult  females,  27  wild-caught  adult  males,  7 
LAIR-born  juvenile  females,  4 LAIR-born  juvenile  males.  Hematologic 
values  from  these  65  animals  are  contained  in  Table  3. 

By  comparing  hemograms  between  clinically  normal  and  abnormal  animals  we 
have  gained  useful  knowledge  of  owl  monkey  hematology.  For  example,  we 
have  found  erythrocyte  sedimentation  rate  (ESR)  to  be  a fairly  accurate 
but  nonspecific  indication  of  disease  in  owl  monkeys.  The  ESR  and  total 
leukocyte  count  together  are  particularly  useful  to  distinguish  sick 
animals.  An  idiosyncrasy  of  owl  monkeys,  compared  to  other  species,  is 
the  marked  increase  in  percent  and  absolute  numbers  of  eosinophils  present 
in  both  clinically  normal  and  abnormal  animals.  The  cause  of  this 
apparent  eosinophilia  is  unknown. 

To  observe  the  effect  of  altered  environment  on  the  hemogram, 
we  removed  2 groups  of  3 animals  each  from  the  main  colony  area  and 
placed  them  in  another  room.  In  this  room  the  animals  were  subjected 
to  an  altered  light-dark  cycle,  increased  noise,  and  increased 
technician  contact.  All  other  environmental  factors  remained  unchanged. 
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Within  3 days  there  was  marked  increase  in  the  mean  total  leukocyte 
number  and  percent  eosinophils  and  decrease  in  percent  lymphocytes. 

In  mean  absolute  count,  lymphocytes  decreased  from  about  4800/pl  to 
4100,  while  segmented  granulocytes  Increased  from  5100  to  6500,  and 
eosinophils  nearly  tripled  in  number,  1200  to  3200/pl.  All  other  hemato- 
logic values,  both  at  the  beginning  of  the  experiment  and  after  3 days, 
were  the  same  as  mean  values  for  the  colony . 

We  believe  this  experiment  demonstrates  that  mild  stress  can  markedly 
alter  the  hemogram  of  clinically  normal  owl  monkeys.  This  alteration 
may  complicate  interpretation  of  hemograms,  particularly  important  in 
clinically  abnormal  or  experimental  animals. 

Determinations  of  15  serum  chemical  constituents  have  been  made  on  a 
C.EMSAC  centrifugal  fast  analyzer.  Serum  was  collected  from  clinically 
normal  owl  monkeys  which  had  hematologic  values  within  normal  limits 
at  the  time  of  serum  collection.  The  concentration  of  the  serum 
constituents  are  listed  in  Table  4. 

The  following  serum  components  are  either  within  normal  limits  reported 
for  another  nonhuman  primate  (squirrel  monkey)  or  are  similar  to  values 
reported  for  one  other  group  of  owl  monkeys:  serum  glutamic-oxaloacetic 
transaminase,  serum  protein,  albumin,  glucose,  cholesterol,  blood  urea 
nitrogen,  creatinine,  sodium,  potassium,  and  chloride.  There  was 
large  variation  in  concentrations  of  alkaline  phosphatase  and  lactic 
acid  dehydrogenase  between  animals:  hence,  a value  for  "normal  range" 
is  of  little  use.  Values  for  individual  animals  did  not  vary  to  the 
same  degree  in  sequential  samples,  so  it  may  be  possible  to  establish 
individual  normal  values.  Other  causes  for  the  "be tween-animal" 
variation  could  be  differential  effects  of  anesthesia,  handling  of  the 
serum  specimens,  and  variability  in  analyzer  function.  Uric  acid 
values  are  slightly  higher  than  those  reported  previously  for  owl 
monkeys.  These  differences  could  result  from  measurement  techniques  or 
differences  in  diet.  Phosphorous  values  and  calcium/phosphorous  ratios 
vary  between  animals  and  between  samples  from  the  same  animal  taken  at 
different  times.  Causes  could  include  diet,  food  utilization,  and 
physiologic  status. 

Swab  samples  from  two  sites,  the  oropharynx  and  rectum,  were  taken  for 
virus  isolation  to  identify  the  viruses  commonly  carried  by  this  colony. 
The  work  was  accomplished  and  reported  under  Project  No.  3M762772A812 , 
Work  Unit  No.  002,  Study  No.  3. 

Growth  and  maturation  of  LAIR-bom  offspring  are  being  documented  with 
records  of  weight  gain  and  dental  development . This  study  was  begun 
recently;  definitive  data  have  not  been  compiled.  Results  from  this 
study  will  be  helpful  to  estimate  age  of  wild-caught  monkeys  and  to 
evaluate  development  of  future  offspring. 


An  immunologic  pregnancy-diagnosis  technique  has  been  tested  and 
proven  effective.  The  test  is  based  on  a qualitative  assay  for 
urinary  chorionic  gonadotropin.  The  nest  boxes  were  easily  adapted 
for  urine  collection;  these  help  to  minimize  physical  and  psychological 
stress  on  a potentially  pregnant  female. 


Since  May  1975,  16  monkeys 
animals.  All  were  necrops 
microscopy.  In  some  cases 
were  also  used.  Causes  of 
Notable,  nonfatal  lesions 
males,  lymphocytic  interst 
glomerul i tis . Clinically 
animals  has  been  a frustra 

CONCLUSIONS 


have  died,  most  of  them  recently  imported 
ied,  and  tissues  were  evaluated  by  light 
scanning  and  transmission  electron  microscopy 
death  have  been  variable  and  unrelated, 
observed  include  aspermatogenesis  in  adult 
itlal  nephritis,  and  mesangio-proliferative 
observed  anemia  resulting  in  death  in  several 
ting  problem. 


1.  Wild-caught  owl  monkeys  can  be  maintained  and  mated  feasibly  in 
a controlled  environment. 

2.  Owl  monkeys  are  uniquely  sensitive  to  alterations  in  their 
environment  and  respond  in  a variety  of  ways  which  interfere  with  good 
health  and  reproduction  (and  which  would  also  introduce  great  variability 
in  experimental  data)  . 

3.  The  husbandry  conditions  in  our  colony  are  appropriate  and  efficient. 

4.  Potential  mates  must  be  matched  by  karyotype  for  maximum  productivity. 

5.  Hematologic  and  biochemical  characteristics  of  these  animals  are 
poorly  defined,  and  indices  diagnostic  of  disease  or  other  stress  are 
not  well  established. 

6.  Nutritional  requirements  of  this  genus  are  not  established. 

7.  Classification  of  behavior  patterns  is  a valuable  baseline  of 
information  for  observing  and  communicating  about  the  nonhuman  primates 
and  for  colony  management. 

RECOMMENDATIONS 

The  provisions  of  the  protocol  should  be  completed,  to  include  establish- 
ment of  nutrient  requirements,  hematologic  and  biochemical  reactions 
to  specific  stresses,  and  testing  of  pairs  of  offspring  for  fecundity. 
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TABLE  1 


Owl  Monkey  Diets 


Diet 

Wt.  (g)  per 

i 

Food  Item 

Portion 

Comment 

A 

Commercial  monkey 

55 

Soaked  until  soft  l 

diet,  dry 

Fed  In  stainless  1 

steel  bowl . 

Instant  breakfast  drink 

5 

I 

Water 

45 

B 

Frozen  orange 

25.3 

Blended  to  a thick 

juice  concentrate 

liquid  consistency. 

Fed  In  stainless 

Sugar 

24.1 

steel  bowl . 

Fresh  bananas 

19.5 

1 

Vitamin/mineral 

supplement 

0.59 

‘ 

High  calorie 
supplement 

3.24 

Baby  cereal 

13.35 

Multiple  vitamins 

0.09 

Eggs 

5.4 

Water 

102.9 

C 

Commercial  monkey 

75 

Provided  In  pieces . 

diet,  canned 

Fed  in  stainless 
steel  bowl . 

Water 

10 

D 

Fresh  banana 

25 

Cut  into  pieces 

Fed  in  stainless 

Fresh  apple 

50 

steel  bowl . 

Fresh  orange 

50 

I 


TABLE  2 


Sun 

A 

A 


Diet  Schedule^ 
Mon  Tues  Wed 

BCD 
A A A 


Thurg  Fri 

B C 

A A 


Refer  to  Table  1 for  composition  of  each  diet 
A.M.  feeding  is  about  0900  hours 
r.M.  feeding  is  about  1530  hours 
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TABLE  3 


Hemogram  of  Clinically  Normal  Owl  Monkeys 


n - 67 

Value 

+ 1S.D, 

Erythrocytes  (X  106/ul) 

5.82 

0.29 

Hemoglobin  (g/dl) 

14.27 

1.21 

Packed  cell  volume  (X) 

43.32 

4.07 

Leukocytes  (X  103/pl) 

8.66 

2.02 

Band  neutrophils  (X) 

0.28 

0.79 

Segmented  neutrophils  (X) 

43.00 

11.25 

Lymphocytes  (X) 

48.36 

11.84 

Eosinophils  (X) 

6.19 

8.13 

Basophils  (X) 

0.10 

6.39 

Monocytes  (X) 

1.88 

1.25 

Ervthrocvte  sedimentation 
rate  (irnn/hr) 

3.48 

1.52 

Plasma  protein  (g/dl) 

7.03 

0.16 

Fibrinogen  (mg/dl) 

501.5 

20  .40 
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TABLE  4 

Hemogram  of  Stressed  Owl  Monkeys 


n - 6 

Day  0 

Day  3 

Erythrocytes  (X  106/ul) 

5.67 

5.17 

Hemoglobin  (g/dl) 

15.28 

14  .67 

Packed  cell  volume  (X) 

45  .58 

43.85 

Leukocytes  (X  loVul) 

11.8 

14  .1 

Band  neutrophils  (X) 

0.33 

0.33 

Segmented  Neutrophils  (X) 

43.17 

45.83 

Lymphocytes  (X) 

41.00 

28.83 

Eosinophils  (X) 

10  .00 

23.5 

Basophils  (X) 

0 

0.17 

Monocvtes  (X) 

1 .70 

1 .33 

Ervthrocvte  s e d t men t a t i o n 
rate  (mm/hr) 

3.83 

3.33 

Flasma  protein  (g/dl) 

6 .95 

6 .92 

Fibrinogen  (mg/dl) 

499.16 

491  .67 

i 
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STUDY  2 Development  of  husbandry  methods 

for  an  outdoor  colony  of  macaque 
monkeys 

PROBLEM 

There  is  a critical  shortage  of  rhesus  monkeys  (Macaca  mulatta)  for 
research  because  the  countries  of  origin  have  restricted  exports. 

The  rhesus  monkey  is  used  by  the  US  Army  for  many  areas  of  research.  The 
cvnomolgus  monkey  (Macaca  fasicularis)  is  a possible  replacement  for  the 
rhesus  monkey,  at  least  for  some  studies.  However,  the  degree  of 
Interchangeability  of  the  two  species  is  not  known.  The  cvnomolgus 
monkev  faces  the  same  problems  (i.e.,  about  restrictions  on  exports) 
that  have  resulted  in  scarcity  of  rhesus  monkeys.  The  Armv  must  provide 
for  its  own  future  needs  for  these  species  and  must  do  so  in  the  most 
expeditious  and  inexpensive  fashion  possible.  There  is  also  the  real 
danger  that  no  breeding  stock  will  be  available  after  the  next  2 to  3 
years . 

The  best  solution  is  to  establish  domestic  breeding  colonies  of  these 
species.  In  order  to  do  so,  inexpensive,  efficient,  and  scientifically 
sound  methods  of  husbandry,  medical  management,  and  facility  design 
must  be  developed.  In  the  case  of  the  rhesus  monkey,  considerable 
information  is  available,  but  little  is  known  about  the  specifics  of  out- 
door breeding  colony  operations.  The  cvnomolgus  monkey  has  seen  only 
limited  use  in  this  country  as  an  experimental  animal.  Little  is  known 
of  its  reproductive  biology  or  climatic  adaptability. 

The  object  of  this  study  is  to  develop  inexpensive  techniques  of  outdoor 
colony  management,  husbandry  methods,  disease  control  and  eradication, 
breeder  selection,  and  rearing  of  offspring.  For  the  cvnomolgus  monkey, 
ovulatory  cycles,  hormonal  cycles,  and  social  factors  beneficial  to 
reproduction  must  be  discovered. 

R ES ULTS  AND  DISCUSSION  OF  RESULTS 

Most  of  the  71  rhesus  and  19  cvnomolgus  monkeys  on  hand  are  juveniles. 
They  have  been  observed  for  onset  of  sexual  maturitv  and  for  distinctive 
behavioral  patterns.  To  conserve  resources,  clinical  laboratory  examina- 
tions have  been  restricted  to  the  minimum  necessary  to  protect  the 
health  of  the  colony.  Less  than  half  the  rhesus  females  have  regular 
menstrual  cycles,  but  there  has  been  a marked  improvement  in  regularity 
over  the  past  nine  months.  As  a check  for  breeding  maturity  and  the 
ability  of  males  to  copulate,  some  in-cage  breeding  has  been  started. 

This  has  resulted  in  one  birth,  three  abortions,  and  two  current  preg- 
nancies. Three  females  and  one  male,  all  about  12  years  old,  were  born 
in  the  United  States  and  cage-raised.  They  have  been  studied  in  particu- 
lar to  determine  how  their  history  may  affect  breeding  suitability.  Onlv 
one  of  the  females  has  regular  menstrual  cycles.  All  3 have  been  mated 
at  least  once,  with  no  resultant  pregnancies.  The  3 females  appear  to 
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copulate  normally,  but  the  cage-raised  male  has  been  removed  from  the 
breeding  program  after  repeated  refusal  to  copulate.  This  animal 
exhibits  many  stereotyped  behavior  patterns,  such  as  pacing,  which  are 
not  Interrupted  by  the  presence  of  a receptive  female. 

We  were  directed  by  HQ,  USAMRPC,  to  prepare  a Request  For  Proposal  (RFP) 
to  solicit  bids  for  an  extramural  contract  program  to  breed  macaque 
monkeys  outdoors.  The  RFP  was  submitted  In  duly  1^76,  but  it  has  not 
been  advertised  because  >>f  fund  shortage. 

CONCLUSIONS 

As  the  community  of  Investigators  in  the  US  who  use  nonhuman  primates 
responds  to  the  Importation  limitations  and  the  cost  of  laboratory-raised 
and  even  laboratorv-condi t toned  animals  increases,  use  of  nonhuman 
primates  will  be  reduced  to  the  minimum  requirement.  The  Army  require- 
ment tor  macaque  monkeys  has  not  decreased.  Nonhuman  primates  are  still 
indispensible  for  on-going  research  in  malaria  and  other  parasitic  and 
viral  diseases. 

Many  questions  remain  unanswered  about  the  suitability  and  selection 
criteria  for  relegating  to  breeding  colonies  older  animals  which  have 
spent  years  in  captivity.  Yet  attempts  must  continue  to  be  made  to 
salvage  as  many  potential  breeders  as  possible.  Because  macaques  must 
be  3-5  years  old  to  attain  breeding  proficiency  and  their  offspring 
should  be  1-5  years  old  to  he  placed  on  experiments  (to  preclude  use 
of  a Juvenile  population),  a breeding  program  to  produce  animals  for 
research  requires  a 5-7  year  lead  time.  Each  year  lost  postpones  the 
day  when  MRPC  might  be  self-sufficient  in  supply  of  nonhuman  primates. 

RECOMMENDATIONS 

A continued  supply  of  nonhuman  primates  for  required  research  must  be 
assured.  This  can  be  achieved  by  (l)  appropriate  agreement  in  conjunction 
with  other  national  agencies  via  the  Primate  Steering  Committee  (NIH). 

(2)  bv  in-house  development  of  facilities  and  staff,  (3)  by  extramural 
contract.  The  current  program  at  LAIR  to  Identify  and  retain  breeders 
for  future  use  should  be  continued, 
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because  ! uterspecies  variations  occur.  (2)  Many  diseases  of  animals  may  be  studied  as 
model'-  to  enhance  prevention,  detection,  and  treatment  of  counterpart  diseases  acquired 
bv  soldiers.  (3)  The  animals  are  a major  economic  resource  so  there  is  constant  need 
for  Improved  husbandry  methods.  These  studies  will  contribute  to  improved  animal  care 
and  to  identification,  development,  and  use  of  animal  models  to  investigate  normal  and 
abnormal  health  processes  in  soldiers. 

24.  (ll)  Anlm;.l  diseases  which  also  occur  in  soldiers,  such  as  dermatitis,  will  be 
characterised  by  modern  laboratory  methods  to  determine  their  appropriateness  as  model 
systems  for  the  human  condition.  Costly  laboratory  animal  diseases,  e.g.,  respiratory 
disease  in  cats,  will  be  studied  for  eventual  eradication.  Normal  processes,  e.g., 
utilization  of  vitamin  C,  will  be  studied  so  as  to  improve  animal  care  as  well  as  for 
possible  extrapolation  to  the  soldier. 

25.  (V)  7610-7709  To  characterize  the  prevalence  of  viruses  in  the  LAIR  animal  colony, 
240  viral  Isolates  were  obtained  from  the  first  800  oral  and  rectal  swabs  taken  from 
nonkeys  and  cats.  Known  presence  of  specific  viruses  permits  measures  to  be  taken  to 
ninimize  loss  from  disease  and  from  ruined  studies.  Cuinea  pig  losses  from  Bordetella 
pneumonia  were  shown  to  be  unrelated  to  ascorbic  acid  nutrition.  Blood  gas  character- 
istics of  normal  dogs  were  established  under  a variety  of  clinical  conditions.  Studies 
ire  ongoing  to  establish  physiologic  characteristics  of  swine  as  subjects  to  replace 
logs  and  nonhuman  primates,  for  manv  applications. 
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The  following  investigations  have  been  conducted  under  this  work  unit: 


STUDY  NO.  1 Ascorbic  acid  and  its  effects  on  Bordetella 
bronchiseptica 

STUDY  NO.  3 Infectious  disease  surveillance  of  laboratory 
animals 

STUDY  NO.  4 Skin  graft  rejection  by  Mexican  hairless  dogs 

STUDY  NO.  5 Physiological  and  biochemical  characteristics 

of  domestic  swine  used  in  military  research 

More  than  70%  of  HQUSAMRDC's  budget  is  spent  on  studies  which  in  some 
phase  depend  on  use  of  animals.  This  work  unit  is  directed  towards 
conservation  of  the  funds  used  in  those  studies  by  addressing  improved 
animal  health  and  husbandry  and  choice  of  appropriate  model  species. 

STUDY  NO . 1 . Tn  this  study  the  possible  relationship  in  guinea  pigs 
between  dietary  ascorbic  acid  afid  susceptibility  to  pneumonia  from 
Bordetella  bronchiseptica  was  sought.  Although  the  study  design  was 
appropriate,  shortcomings  in  execution  of  the  experiment  resulted  in 
data  which  were  inconclusive. 

STUDY  NO.  3.  This  study  revealed  the  kind  and  extent  of  viral  infection(s) 
present  in  LAIR's  feline,  owl  monkey,  and  rhesus  monkey  colonies.  The 
study  provides  specific  data  on  identity,  prevalence,  and  incidence  of 
certain  viral  agents.  It  provides  important  information  to  investiga- 
tors regarding  choice  of  animals  for  specific  studies,  possible  explana- 
tions of  morbidity  and  mortality  patterns,  and  possible  avenues  for 
control/eradication  of  the  infections.  It  also  provides  data  necessary 
to  make  decisions  about  occupational  safety  of  laboratory  workers.  The 
study  showed  feline  herf^svirus,  feline  calicivirus,  and  feline 
syncytia-forming  virus  (FeSFV)  to  be  widespread  in  cats  from  licensed 
dealers.  These  agents  were  shed  for  months,  so  that  seemingly  healthy 
cats  released  from  laboratory  quarantine  can  jeopardize  uninfected  cats 
elsewhere  in  the  laboratory.  The  FeSFV  is  suggested  to  be  associated 
with  urinary  and  systemic  disease.  Special  procedures  were  developed  to 
culture  FeSFV.  Owl  monkeys  are  common  hosts  for  adenoviruses  and 
infected  animals  shed  Types  II  and  III  for  many  months.  Offspring 
appear  to  become  infected  with  Type  III  at  an  early  age.  The  persistent 
infection  produced  by  this  agent  may  have  a role  in  renal  disease. 


STUDY  NO.  A.  This  study  was  n pilot  atudy  to  demonstrate  Immune 
deficiency  In  a colony  of  hairless  doga;  technical  fa II urea  precluded 
definitive  conclusion* , 


STUDY  NO.  *> . Swine  have  theoretical  advantages  over  dogs  and 
monkeys  for  certain  biochemical  and  physiological  studies  because 
thev  are  abundantly  available  in  disease-free  and  genetically  defined 
stocks,  they  are  relatively  Inexpensive  to  maintain,  and  they  do  not 
have  disproportionate  ecologlc  or  emotional  factors  associated  with 
their  use.  This  study  Is  the  beginning  of  a series  to  characterise 
swine  for  biomedical  studies  referable  to  the  soldier.  Blood  gas  and 
blood  acid-base  characteristics  of  swine  are  more  similar  to  those  In 
humans  than  those  characteristics  in  doga. 
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Ascorbic  acid  and  its  effects  on 
Bordetella  hronchlaeptica  in  guinea 
pigs 
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PROBLEM 


Bordetella  bronchiseptica  can  be  isolated  from  the  respiratory  tract  of 
apparently  healthy  guinea  pigs  in  conventional  colonies.  Although 
frequently  associated  with  pneumonia  and  other  respiratory  tract 
Infections,  it  is  usually  considered  to  be  an  opportunistic  organism. 
Partially  depending  upon  such  stress  factors  as  malnutrition,  crowding, 
prolonged  temperature  extremes,  pregnancy,  and  experimental  manipula- 
tions, the  animals  may  either  develop  a carrier  state  or  overt  signs 
of  illness.  A lowered  resistance  of  the  animal  mav  upset  the  balance 
of  the  carrier  state. 

Evidence  of  a correlation  between  ascorbic  acid  deficiency  and  lowered 
resistance  to  bacterial  infection  has  been  reported.  It  is  possible  that 
suboptlmal  dietary  intake  of  ascorbic  acid  by  guinea  pigs  is  one  factor 
which  contributes  to  the  puzzling  sporadic  outbreaks  of  bacterial 
disease  that  occur  in  apparently  stable  guinea  pig  colonies. 


Guinea  pigs  are  among  the  most  important  laboratory  animals.  In  1974, 
more  than  600,000  were  used  for  research  in  the  United  States;  approxi- 
mately 3,700  were  used  at  LAIR  in  FY  75,  when  this  study  was  planned. 
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Sporadic  disease  in  guinea  pigs  is  a major  cause  of  animal  deaths  and 
of  wasted  research  resources.  At  LAIR,  15%  of  108  spontaneous  deaths 
during  CY  75  were  caused  by  bacterial  pneumonia.  To  begin  to  define 
this  waste  of  resources,  this  study  was  undertaken  to  provide  objective 
data  about  the  specific  interaction  between  dietary  ascorbic  acid  and 
infection  by  Bordetella  bronchiseptica  in  guinea  pigs.  While  a 
correlation  between  ascorbic  acid  deficiency  and  lowered  resistance  to 
bacterial  infection  has  been  reported,  conflicting  data  are  also  available. 
This  controversy  may  be  due  to  variables  that  were  not  controlled  properly. 
This  investigation  was  based  upon  quantifiable  considerations  of  bacterial 
exposure  and  dietary  ascorbic  acid  intake  by  guinea  pigs  housed  in  a 
defined  environment. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


The  study  design  called  for  Bordete 1 la-f ree  guinea  pigs  to  be  stabilized 
at  three  levels  of  dietary  ascorbic  acid.  This  was  achieved  by  feeding 
an  ascorbic  acid-free  synthetic  diet  for  21  days,  then  supplementing  the 
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individual  animals  via  oral  pipette  with  ascorbic  acid  supplied  daily  in 
202  sucrose  solution. 

The  animals  were  maintained  at  constant  body  weight  for  10  additional  davs 
by  supplying  them  minimal  ascorbic  acid  (approximately  0.25  mg/100  g of 
bodv  weight  per  day)  titrated  against  weight  gain/loss.  They  were  weighed 
and  supplemented  daily.  Chronic  scurvy  thus  was  established:  three  groups 
of  18  animals  each  were  established  and  fed  0.25,  2.5,  and  18  mg  ascorbic 
acid/100  g of  body  weight  per  day  respectively  via  the  pipette.  A fourth 
group  of  18  was  being  maintained  on  commercial  guinea  pig  ration  which 
supplied  1 mg  ascorbic  acid/100  g of  body  weight  per  day  (diets  and  serum 
were  analyzed  periodically  for  ascorbic  acid  content).  After  22  davs  at 
the  prescribed  Intakes  for  ascorbic  acid  the  animals  were  exposed  to  cali- 
brated aerosols  of  viable  pathogenic  Bot  detella  bronchi  sept  lea  organisms , 
courtesy  of  the  US  Navy  Biosclence  Laboratory,  Oakland,  CA . Within  each 
of  the  four  animal  groups,  subgroups  were  exposed  to  the  following  numbers 
of  organisms:  none,  *15-120,  and  210.  (A  pilot  study  had  revealed  that 
100  organisms  were  sufficient  to  establish  infection  in  normally-fed 
guinea  pigs.) 

After  exposure  to  the  organisms  the  animals  were  maintained  on  their 
respective  levels  of  ascorbic  acid  Intake  for  14  days.  All  survivors 
were  killed  and  the  number  of  B.  b ronchiaep tlca  organisms  recoverable 
from  their  lungs  was  quantified.  The  number  of  organisms  present  was 
to  be  the  measure  of  their  resistance  to  infection,' and  correlation  was 
sought  between  the  exposure  dose,  the  ascorbic  acid  intake,  and  the 
number  of  organisms  present  14  days  after  exposure. 

There  was  no  correlation  between  number  of  11.  bronchi sept lea  recovered 
and  either  the  exposure  dose  or  the  ascorbic  acid  intake  of  the  animals. 
The  organism  was  recovered  from  43  of  48  survivors  of  the  exposure,  but 
from  none  of  the  10  animals  which  were  sham-exposed. 

Superficially  the  data  appear  to  provide  reason  to  reject  the  hypothesis 
that  a correlation  exists  between  ascorbic  acid  and  resistance  to  B. 
bronchlseptlea . Critical  audit  of  the  raw  data  suggests  instead  that  the 
experimental  procedures  as  performed  left  much  to  be  desired,  and  the 
data  are  thus  indeterminable . 

CONCLUSIONS 

The  protocol  specified  for  this  study  could  provide  quantifiable  data 
about  the  relation  between  ascorbic  acid  nutrition  and  resistance  to 
bacterial  infection.  As  performed,  this  study  neither  confirmed  nor 
rejected  the  relationship,  and  the  question  is  not  resolved,  although 
It  remains  an  important  one. 

RECOMMENDATIONS 

This  study  should  be  repeated  with  close  adherence  to  protocol. 
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PUBLICATIONS 


None 

STUDY  NO.  3 Infectious  disease  surveillance 

of  laboratory  animals 

PROBLEM 

Laboratory  animals  represent  a major  economic  resource  in  the  US  Army 
medical  research  effort.  Outbreaks  of  Infectious  disease  In  an  animal 
colony  are  economically  wasteful  and  can  be  devastating  to  on-going 
research.  Monitoring  for  the  presence  of  Infectious  agents  through 
clinical  histories,  laboratory  tests.  Immunologic  surveys,  studies  of 
gross  and  histopathology , and  microbiological  studies  are  effective 
methods  for  the  early  recognition,  diagnosis,  and  control  of  infectious 
diseases . 

The  objectives  of  this  studv  are  (1)  to  Investigate  the  prevalence,  cause, 
control,  and  elimination  of  Infectious  diseases  among  laboratory  animals 
at  LATR,  (2)  to  Identify  and  characterize  animal  models  of  human  disease 
from  instances  of  spontaneous  disease  occurrence  in  the  colony,  (3)  to 
Identify  and  eliminate  animals  carrying  dangerous  zoonotic  diseases. 

Efforts  were  concentrated  on  prevalence  of  viruses  In  the  cat  colony  and 
the  owl  and  rhesus  monkey  colonies.  General  experience  in  manv  laboratories 
Is  that  nearly  1/3  of  dealer-supplied  cats  die  of  infectious  diseases 
before  being  Issued  to  Investigators.  We  also  began  to  characterize  the 
viruses  prevalent  in  our  owl  monkey  colony  . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Feline  v i ruses  . Forty  female  cats,  that  were  obtained  from  a commercial 
supplier  In  lots  of  10,  4,  16,  anil  10,  were  monitored  for  respiratory 
viruses.  Feline  herpesvirus  (FHV)  was  isolated  from  30  of  40  cats  (SO 
of  284  oropharyngeal  swabs).  Feline  ealicivlrus  (FCV)  was  isolated  from 
11  of  40  cats  (28  of  284  swabs).  Feline  syncytia-forming  virus  (FeSFV) 
was  isolated  from  13  of  40  cats  (82  of  284  swabs).  Signs  of  severe 
respiratory  disease  usually  occurred  within  the  first  2 weeks  of 
arrival  and  were  associated  with  FIIV  Infections.  In  the  group 
of  16  cats  severe  respiratory  disease  was  not  observed  until  several 
months  after  arrival  and  subsequent  to  the  Introduction  of  a cat  from 
another  group.  This  cat  was  a chronic  shedder  of  FHV.  Four  cats  were 
chronic  shedders  of  FHV  and  6 cats  were  chronic  shedders  of  FCV.  All 
13  cats  that  carried  FeSFV  were  chronically  infected.  In  12  of  100 
oropharyngeal  swabs  from  FeSFV-infected  cats,  the  presence  of  FHV  or 
FCV  destroyed  the  cell  cultures  and  precluded  detection  of  FeSFV. 
Disregarding  these  12  swabs,  FeSFV  was  recovered  from  D3%  (82  of  88) 
of  the  remaining  ones  from  these  13  cats.  The  Isolation  of  FeSFV 
requires  actively  dividing  cells  for  Its  expression.  Inoculated  cultures 


of  feline  kldnev  cells  were  trypsinized  3 days  after  Inoculation, 
and  slide  cultures  were  prepared.  These  slide  cultures  were  stained 
after  2 to  1 days  to  demonstrate  the  multlnucleated  cells.  The  FeSFV  was 
also  Isolated  from  huffy  coat  cells  by  cocultivation.  The  virus  was 
isolated  from  the  13  Infected  cats  during  the  first  few  days  after 
arrival  and  was  still  recoverable  in  1 of  them  8 months  later,  in 
oropharyngeal  swabs  or  buffv  coat  cells.  Organ  cultures  of  nasal  and 
tracheal  epithelium  were  prepared  from  one  FeSFV-infected  and  one  non- 
infected  cat.  The  organ  cultures  of  tracheal  epithelium  from  both  cats 
remained  viable  (motile  cilia)  for  b to  8 months.  The  FeSFV  was  recovered 
from  tl.'  tracheal  cultures  of  the  infected  cat  after  8 months  In  vitro. 

In  a test  of  vaccination  efficiency,  oropharyngeal  swabs  and  blood  were 
collected  from  10  cats  on  the  day  they  arrived,  and  1 cats  (No.  bb,  b8, 

70,  72,  74)  were  vaccinated  with  Norden’s  ’'On  the  Nose"  modified  live 
vaccine  that  contains  both  FllV  and  FCV.  The  results  of  virus  isolation 
attempts  from  oropharyngeal  swabs  are  presented  In  Table  1. 

Kach  of  the  3 feline  viruses  (FllV,  FCV,  and  FeSFV)  were  isolated  from 
at  least  one  cat  prior  to  vaccination  with  FllV  and  FCV  (Table  1).  Following 
vaccination  FllV  was  isolated  b times:  twice  from  one  vaccinated  cat,  once 
each  from  3 other  vaccinated  cats,  and  once  from  a non-vaecinated  cat. 

FCV  was  isolated  13  times  from  4 vaccinated  and  2 non-vaccina  ted  cats. 

The  persistence  of  FCV  was  not  prevented  by  vaccination  in  cat  number  72. 

Six  of  the  10  cats  were  chronically  infected  with  FeSFV.  Only  one 
cat  had  a significant  neutralization  antihodv  titer  to  FHV  (Table  2). 

Eight  of  10  cats  had  high  levels  of  neutralizing  antibody  titers  to  FCV 
prior  to  vaccination  (Table  3),  However,  high  levels  of  antibody  did 
not  preclude  persistent  shedding  of  FCV  in  3 cats. 

Beneficial  effects  from  vaccination  were  difficult  to  substantiate. 

Eight  cats  exhibited  mild  to  marked  signs  of  upper  respiratory  disease 
during  the  first  2 weeks  of  quarantine.  One  vaccinated  (No.  74)  and  one 
non-vaecinated  (No,  b9)  cat  exhibited  marked  depression  and  anorexia 
which  required  forced  feeding  via  stomach  tube.  Both  cats  were  infected 
with  FeSFV.  Vaccination  did  not  preclude  intermittent  shedding  of  FllV 
in  cat  No.  tib  or  persistent  shedding  of  FCV  in  eat  No.  72. 

Of  all  40  cats,  one  was  killed  because  of  severe  respiratory  disease 
(FllV)  within  7 days  after  arrival.  Three  cats  died  acutely  10  to  12  days 
after  arrival  and  had  histopathologic  lesions  of  feline  panleukopenia. 

Two  cats  (Nos.  41  and  19)  died  at  19  and  80  days  after  a prolonged 
illness  with  depression,  anorexia,  and  marked  weight  loss.  Cross  and 
histopathologic  lesions  indicated  bacterial  septicemia  as  the  cause  of 
death.  The  clinical  signs  were  similar  to  those  of  cats  Nos.  b9  and 
74  described  above.  These  4 cats  were  chronically  Infected  with  FeSFV. 
Although  FeSFV  infection  has  not  been  associated  with  one  specific 
disease.  It  has  been  associated  with  chronic  debilitating  diseases: 
feline  lymphosarcoma,  feline  infectious  peritonitis,  and  urolithiasis. 

In  1974-75,  11  of  28  male  cats  being  used  for  research  at  l.ATR  had 


urolithiasis.  Serum  samples  from  20  of  21  of  these  male  cats  contained 
FeSFV  antibody. 

By  agar  gel  inmunodif fusion  42  of  43  serum  samples  from  the  13  FeSFV- 
infected  cats  were  positive  for  FeSFV  antibody.  The  27  FeSFV-free 
cats  were  negative.  The  effect  of  FeSFV  on  the  immune  system  of  the  cat 
has  not  been  defined. 

Owl  monkey  viruses . From  a colony  of  110  owl  monkeys  (Aotus  sp .)  , 110 
virus  isolations  have  been  made  from  oropharyngeal  and  rectal  swabs. 

All  isolates  have  not  been  characterized,  but  most  of  the  isolates 
appear  to  be  one  of  3 types  of  adenoviruses.  One  isolate  is  a reovirus 
and  2 other  isolates  have  not  been  characterized. 

From  a group  of  30  owl  monkeys  newly  imported  from  Bolivia  there 
were  8 isolates  of  an  adenovirus  from  oropharyngeal  or  fecal  swabs 
of  7 animals.  All  isolations  were  from  swabs  collected  during  the  first 
2 weeks  after  their  arrival  at  LAIR.  Three  animals  died  during  this  time. 
The  virus  was  recovered  from  2 of  the  3 via  swabs  collected  after  deaths. 
Swabs  from  the  third  were  contaminated  with  a yeast  which  precluded  virus 
isolation.  This  agent  was  not  recovered  after  the  initial  2-week  period 
despite  repeated  sampling  thereafter.  These  8 isolates  agglutinate 
rhesus  red  blood  cells  (RBCs)  but  not  human  or  rat  RBCs . They  replicate 
in  owl  monkey  kidney  (OMK)  cells  but  not  in  primary  rhesus  monkey  kidney, 
Vero  cells,  or  feline  kidney  cells.  In  OMK  cells,  intranuclear  inclusions 
are  produced.  The  virus  will  pass  a 0.1  y filter  but  not  a 0.05  y filter. 
It  is  chloroform  resistant  and  stable  at  50  C for  30  min.  Two  of  these 
isolates  were  sent  to  the  Southwest  Foundation  for  Research  and  Education 
(SWFRE) , WHO  Reference  Center  for  Simian  Viruses,  San  Antonio,  Texas. 

These  isolates,  provisionally  designated  Owl  Monkey  Adenovirus  Type  I, 
were  neutralized  by  antiserum  to  Squirrel  Monkey  Adenovirus  Type  I . 

A second  owl  monkey  adenovirus  was  isolated  38  times  from  21  animals. 

Four  of  these  isolates  were  from  oropharyngeal  swabs  and  34  from  fecal 
swabs.  All  except  4 of  these  isolates  were  from  the  30  Bolivian 
monkeys.  Two  isolates  were  from  recently  acquired  owl  monkeys  from 
Panama,  and  one  each  was  isolated  from  a monkey  acquired  earlier  from 
another  laboratory  and  from  a young  animal  that  was  born  at  LAIR. 

In  OMK  cells,  all  of  these  isolates  cause  similar  cytopathic  effects  (CPE) 
with  intranuclear  inclusions.  Selected  isolates  did  not  produce  CPE  in 
primary  rhesus  monkey  kidney,  Vero  or  feline  kidney  cells.  This  virus 
does  not  agglutinate  rhesus  RBCs.  It  passes  a .1  y filter  but  not  a .05  y 
filter,  is  chloroform  resistant,  and  is  stable  at  50  C for  30  min.  This 
agent,  provisionally  designated  Owl  Monkey  Adenovirus  Type  II,  was  sent 
to  SWFRE  and  was  neutralized  by  antiserum  to  SV-11  virus,  which  is  an 
adenovirus  of  rhesus  monkeys.  However,  this  isolate  did  not  grow 
in  LLC-MK2  cells  which  are  reported  to  be  the  cell  of  choice  for  SV-11 
virus . 
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A third  Owl  Monkey  Adenovirus,  provisionally  designated  Type  III,  was 
isolated  67  times  from  49  animals.  All  except  2 of  these  isolates  were 
from  oropharyngeal  swabs.  These  isolates  were  from  animals  of  all  sources 
including  6 born  at  LAIR.  This  virus  has  not  been  well  characterized 
because  it  requires  10  to  30  days  to  produce  CPE  and  replicates  only  to 
low  titers  (1  x 102  to  1 x 103*5).  It  produces  CPE  only  in  OMK  cells. 

It  replicates  better  in  primary  or  low  passage  OMK  cells  than  in  estab- 
lished OMK  cell  lines . 

Multiple  isolations  of  Owl  Monkey  Adenovirus  Types  II  and  III  were 
frequently  from  the  same  animal,  separated  by  3 to  6 months.  On  several 
occasions  these  2 viruses  were  isolated  at  the  same  time  from  the  same 
animals.  All  3 adenoviruses  were  isolated  from  one  animal  within  a 3- 
month  period. 

Production  of  immune  rabbit  sera  to  selected  isolates  of  each  type  is 
in  progress  to  confirm  the  identity  of  the  isolates  in  each  group. 

Virus  neutralization  tests  will  be  performed  on  owl  monkey  sera  to 
determine  the  inmune  status  and  the  extent  of  the  spread  of  these  adeno- 
viruses within  the  colony. 

Rhesus  monkey  viruses.  Virus  isolation  was  attempted  with  oropharyngeal 
and  fecal  swabs  from  126  animals.  The  following  viruses  were  found: 
adenovirus  - 10  (fecal) ; enterovirus  - 3 (fecal)  ; syncytia-forming 
virus  - 1 (oropharyngeal)  . The  serotypes  of  these  isolates  have  not  been 
identified.  Selected  tissue  and  body  fluids  collected  at  necropsy  were 
tested,  for  virus  with  negative  results. 

CONCLUSIONS 


Feline 


1.  FHV,  FCV,  and  FeSFV  are  widespread  in  cats  from  licensed  dealers. 

2.  Special  tissue  culture  procedures  are  required  to  recover  FeSFV  from 
feline  specimens. 

3.  One  commercial  vaccine  was  not  effective  in  eliminating  FCV  and 

FHV  from  a small  number  of  cats  studied;  some  cats  shed  virus  persistently 
despite  high  titers  of  antibody. 


4.  There  is  continued  circumstantial  evidence  that  FeSFV  infection  plays 
an  important  role  in  morbidity  and  mortality  of  laboratory  cats.  It 
appears  to  be  associated  with  both  urinary  tract  and  systemic  diseases. 


5.  Persistent  shedding 
groups  of  cats  when  new 


of  these  agents  represents  a hazard  to  established 
seemingly  healthy  animals  are  introduced. 


i 


. 
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Owl  Monkey 


Owl  monkeys  are  commonly  hosts  for  adenoviruses  and  this  group  of  viruses 
Is  the  predominant  one  recovered  from  them.  Owl  Monkey  Adenovirus  Type  III 
Is  widespread  throughout  the  colony,  and  offspring  appear  to  be  Infected 
early  In  life.  Infected  animals  shed  Adenovirus  Types  II  and  III  for 
considerable  periods. 

Rhesus  Monkev 

None 

RECOMMENDATIONS 


Eel ine 

1.  Systematic  study  of  the  virulence  and  pathogenesis  of  FeSFV  should 

be  undertaken  to  determine  its  precise  role  in  disease  and  loss  of  labora- 
tory cats. 

2.  Continued  surveillance  is  indicated  to  inform  investigators  of  the 
status  of  their  cats  with  respect  to  these  agents. 

Owl  Monkey 

Surveillance  should  continue  to  document  the  spread  and  prevalence  of  the 
adenovirus;  development  of  immunity  and  possible  resistance  should  be 
studied.  The  role  of  these  agents  in  disease  should  be  explored. 

Rhesus  Monkey 

1.  Viral  surveillance  of  the  rhesus  colony  should  be  continued. 

2.  Serotypes  of  viruses  isolated  should  be  identified. 

PUBLICATIONS 
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TABLE  1 


Virus  Isolations 


Swabs 


Days  After  Arrival  at  the  Laboratory 


Cat  No. 


12  26 


47  68 


TABLE  3 


Virus  Neutralization  Tltera  to  FCV 


Days 

After  Arrival  at 

the  Laboratory 

Cat  No. 

0 

26_ 

j68 

66 

160 

2560 

NT 

67 

2560 

'5120 

'5120 

68 

2560 

'5120 

'5120 

69 

< 5 

10 

5 

70 

>5120 

>5120 

>5120 

71 

'5120 

>5120 

2560 

72 

<5 

1280 

1280 

73 

'5120 

25o0 

1280 

74 

>5120 

'5120 

>5120 

75 

>5120 

>5120 

NT 
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STUDY  NO. 


4 


Skin  graft  rejection  by  Mexican 
hairless  dogs 


PROBLEM 

This  was  a pilot  study  to  determine  whether  the  so-called  "Mexican 
hairless"  dogs  maintained  by  the  Department  of  Dermatology  Research  have 
an  immune  deficiency.  They  were  to  be  tested  by  measuring  their  rate  of 
rejection  of  homografts.  Documentation  of  immune  deficiency  in  these 
dogs  would  make  them  a unique  system  in  which  to  study  chronic  derma- 
tomycosis,  as  a model  for  the  disease  in  soldiers.  It  would  also  preclude 
misinterpretation  of  other  studies  (e.g.,  they  might  not  reveal  the 
potential  of  a test  compound  to  provoke  hypersensitization)  . Immune 
deficiency  was  suspected  because  they  were  extremely  susceptible  to 
bacterial  infection,  and  necropsied  newborns  that  died  had  a very  small 
thymus  gland. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Four  punch-biopsy  skin  grafts  were  placed  along  the  dorsal  midline  of 
each  of  4 dogs:  2 Mexican  hairless,  another  one  with  hair,  and  one  dog 
of  another  breed.  Each  received  a biopsy  from  each  of  the  other  dogs  and 
one  autograft. 

All  grafts  were  unsuccessful  on  the  first  attempt,  the  result  of  surgical 
failures  after  10  days  rather  than  immunologic  rejection  (even  the 
autografts  failed).  The  procedure  was  repeated  with  the  same  negative 
results. 

CONCLUSIONS 


We  have  more  to  learn  about  canine  skin  graft  techniques. 
RECOMMENDATIONS 


The  circumstantial  evidence  for  immune  deficiency  is  strong  and  certain 
knowledge  of  it  would  be  useful.  Persons  with  the  necessary  specialized 
skills  should  be  engaged  to  help  evaluate  these  unusual  dogs. 

PUBLICATIONS 


None 

STUDY  NO.  5 Physiological  and  biochemical 

characteristics  of  domestic  swine  used 
in  military  research 


PROBLEM 


Mongrel  dogs  have  served  as  the  predominant  large  animal  species  for 
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medical  research.  Such  usage  is  attributable  to  tradition  and  the  ready 
availability  of  dogs  at  local  pounds  and  animal  shelters.  In  recent 
years,  however,  the  use  of  dogs  in  medical  research  has  come  under 
increasing  criticism  from  antivivisectionists  in  the  general  populace 
and  from  the  scientific  professions.  Criticism  by  antivivisectionists 
is  mostly  based  on  ethical  or  emotional  grounds;  the  predominant  theme 
is  the  unnecessary  suffering  or  mutilation  of  pets  in  research  projects 
of  dubious  merit.  Criticism  by  scientists  falls  into  two  categories. 

One  criticism  concerns  uncertainties  about  the  age,  the  genetic,  nutri- 
tional, and  environmental  background,  and  the  disease  characteristics 
of  mongrel  animals  acquired  from  dealers;  the  other  criticism  concerns 
the  applicability  to  humans  of  data  acquired  in  experiments  on  dogs 
because  in  many  instances,  canine  response  characteristics  are  vastly 
different  from  those  observed  in  man. 

The  domestic  pig  offers  an  attractive  alternative  to  the  dog  as  a 
large  animal  model  for  human-oriented  research.  Its  use  has  not 
elicited  an  emotional  response  from  antivivisectionists,  probably  because 
swine  are  commonly  slaughtered  for  meat  and  are  not  kept  as  life-long 
pets.  Domestic  pigs  are  readily  available  in  all  parts  of  the  country. 
They  are  usually  healthy  and  free  of  disease.  They  can  be  acquired  in 
a variety  of  ages,  sizes,  and  genetic  backgrounds.  Cost  of  acquisition 
and  maintenance  is  usually  far  less  than  that  of  a dog  of  comparable  size. 
A more  important  fact  than  these  considerations  exists,  i.e.,  available 
information  shows  the  pig  is  superior  to  the  dog  in  terms  of  his  physio- 
logical and  biochemical  similarities  to  man.  Such  information,  however, 
is  limited.  Thus,  if  the  pig  is  to  become  firmly  established  as  a more 
appropriate  large  animal  model  than  the  dog  for  gathering  experimental 
data  which  are  applicable  to  humans,  much  additional  research  is  needed 
to  establish  baseline  data.  It  is  to  this  problem  that  the  present 
study  is  directed. 

Two  types  of  experiments  are  being  conducted.  In  one,  selected  normal 
physiological  or  biochemical  characteristics  will  be  described. 

In  the  other,  normal  response  characteristics  of  selected  physiological 
or  biochemical  variables  will  be  delineated. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


The  blood  gas,  acid-base  status,  and  electrolyte  levels  of  arterial 
blood  were  measured  in  15  young  domestic  pigs  of  both  sexes  under  control 
conditions  which  simulated  those  of  combat  casualties  undergoing  thoracic 
surgery.  Ventilation  inspired  gas  concentrations  and  anesthesia  were 
regulated  to  maintain  an  arterial  pH  of  about  7.40  and  a P of  about 
100  mm  Hg  for  at  least  30  minutes  before  blood  samples  were  obtained. 
Seven  sites  (femural  artery,  femoral  vein,  posterior  vena  cava,  anterior 
vena  cava,  pulmonary  artery,  internal  jugular  vein,  and  coronary  sinus) 
were  sampled.  Although  the  resultant  data  are  still  being  reduced  and 
evaluated  statistically,  it  appears  that  the  biochemical  characteristics 
of  porcine  blood  in  most  instances  are  similar  to  those  of  human  blood. 
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Selected  mean  values,  compared  to  those  commonly  seen  In  humans  and 
dogs,  are  as  follows: 


Component 

Swine 

Human 

Dogs 

Total  Serum  Protein  (g/dl) 

6.6 

6.9 

6.3 

Serum  Albumin  (g/dl) 

4.0 

4.0 

3.0 

Serum  Globulin  (g/dl) 

2.6 

2.9 

3.3 

A/G  Ratio 

1.53 

1.38 

0.91 

Arterial  Pco2  (mnHg) 

47.0 

40.0 

32.8 

Arterial  HCO3  (mEq/1) 

27.6 

24.5 

21.3 

Arterial  Na+  (mEq/1) 

138 

139 

147 

Arterial  Cl  (mEq/1) 

100 

102 

114 

CONCLUSIONS 

The  blood  gas  and  acid-base  status  of  anesthetized  pigs  more  closely 
approximates  that  of  humans  than  does  the  blood  gas  and  acid-base 
status  of  dogs. 

RECOMMENDATIONS 

1.  Data  reduction  and  statistical  evaluations  of  porcine  blood  gas  and 
acid-base  characteristics  should  be  completed. 

2.  These  characteristics  should  be  compared  to  those  of  dogs  and  humans. 
PUBLICATIONS 


None 
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(U)  Combat  r.nvols:  (11)  Metabolism;  ill)  Kndurance;  (U)  t'tolodcal  Detectors  F or  t o r manco 

(,  I III  44114,  Oft  J|C  IPV4  * 14  44441P41PP.  J4  44004444  J *44i  ,4  Iwft  .1  ft— i |iriftft>*  WMj 1*44  4,  " — H'  P4M*  )«•(  *1  Mft  »ift  flftOtiolft  fWl  , 

2 1 . (11)  Dors  are  used  extensively  by  US  Armed  Forces  In  conjunction  with  combat  opern- 
Jr  Jons,  as  sentries  for  Important  Installations  In  CONUS  and  OCONUS,  as  sensitive  dete.c- 
Jtors  of  explosives  and  contraband,  and  for  many  other  duties  which  cannot  be  performed 
reliably  bv  any  other  detector  system.  A need  exists  for  detailed  Information  about  how 
endurance  may  be  Improved  bv  training,  diet,  or  other  procedures.  Laboratory  and  field 
jests  will  be  developed  to  evaluate  nutritional  and  physiologic  aspects  of  performance, 
leans  will  be  sought  to  Identify  and  ameliorate  or  eliminate  chronic  diseases  which 
Impair  the  effectiveness  of  trained  dogs. 

(*4.  (U)  Alterations  In  blo^nergetics,  metabolism,  nutritional  status  and  cardlopulmon- 
»rv  functions  will  be  studied  In  military  working  dogs  during  exercise  and  training. 

Food  re.*»M  rement  s anil  body  composition  changes  associated  with  specific  levels  of 
phvsUal  activity  will  be  delineated.  Factors  Impairing  physical  performance,  such 
ts  high  temperature  and  humidity,  will  he  Investigated.  Diseases  which  Impair  effec- 
tiveness will  he  characterized  hv  advanced  laboratory  means. 

S.  (11)  7610-7/09  After  a nine-month  delay  In  delivery,  four  treadmills  have  been 
installed  and  calibrated,  and  eight  Herman  Shepherd  dogs  arc  being  trained  to  exercise  or 
{them.  Data  collected  during  FY  78  will  form  the  basis  for  understanding  1 lie  nutritional 
iloenerget les  of  the  military  working  dog.  A radioisotopic  hone  scan  technique  was  more 
Sensitive  than  conventional  radiography  In  detection  of  hone  lesions  of  canine 
tanoste 1 1 is . The  scan  will  he  a useful  research  tool  in  further  study  of  this  debili- 
tating dlftase  of  Herman  Shepherd  dogs. 
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Military  Animal  Resources 
Development 

Improvement  of  Health  and  Effective- 
ness of  Military  Dogs 


The  following  investigation  has  been  conducted  under  this  work  unit: 

STUDY  NO.  1 The  bioenergetics  of  exercise  and  physical  training  in 
the  German  Shepherd 

Initiation  of  this  study  has  been  hampered  by  extended  delays  in  the 
procurement  and  installation  of  animal  treadmills  to  be  used  in  the  physical 
training  of  German  Shepherd  dogs.  Additional  delays  resulted  from  the 
poor  exercise  tolerance  of  laboratory  reared  animals.  Both  of  these 
problems  have  been  resolved  and  experiments  to  determine  the  energy 
costs  and  biochemical  characteristics  of  physical  training  are  currently 
In  progress. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  003  Improvement  of  Health  and  Effectiveness 

of  Military  Dors 

STUDY  NO.  1 The  bioenergetics  of  exercise  and 

physical  training  in  the  German 
Shepherd 

PROBLEM 

The  German  Shepherd  dog,  because  of  his  size,  intelligence,  and  adapta- 
bility to  physical  and  obedience  training,  has  been  extensively  used  for 
military  patrol  and  sentry  duties.  Field  reports,  however.  Indicate  that 
substantial  numbers  of  military  working  dogs  did  not  perform  at  antici- 
pated levels  during  the  Vietnam  conflict.  The  factors  responsible 
for  such  performance  decrements  are  unknown,  but  speculative  causes 
include  an  inadequate  caloric  intake  and  poor  tolerance  to  hot,  humid 
environments.  The  objective  of  this  study  is  to  delineate  the  physio- 
logical, biochemical,  and  nutritional  factors  which  limit  physical 
performance  of  the  German  Shepherd  dog. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Initiation  of  this  study  has  been  hampered  by  2 major  problems.  First, 
the  delivery  and  installation  of  canine  treadmills  was  delayed  for 
9 months.  Thus,  actual  physical  training  of  animals  did  not  commence 
until  March  1977.  Second,  German  Shepherd  dogs  derived  from  the  Biosensor 
program  but  born  and  reared  under  laboratory  conditions  were  found  to 
be  unacceptable  subjects  for  a rigorous  physical  training  program.  They 
showed  either  poor  adaptability  to  treadmill  running  or  recurrent  lame- 
ness. In  many,  but  not  all  instances,  the  latter  was  associated  with 
hip  dysplasia  of  varying  degree.  Because  of  these  problems  with  labora- 
tory reared  animals,  German  Shepherd  dogs  were  procured  from  a licensed 
animal  dealer.  This  required  several  months  since  acceptable  animals 
(in  terms  of  age  similarity  and  absence  of  hip  dysplasia)  were  not 
readily  available.  Eventually,  8 animals  were  procured  and  all  were 
found  to  be  adaptable  to  a treadmill-based  training  program.  Initial 
experimental  work,  directed  at  the  energy  cost  and  biochemical  character- 
istics of  physical  training,  is  currently  underway. 

CONCLUSIONS 

None 

RECOMMENDATIONS 

1.  The  initial  experiments  should  be  completed. 
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2.  Experiments  to  define  the  heat  and  humidity  tolerance  levels  of 
exercising  German  Shepherd  dogs  should  be  initiated. 
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2).  (U)  Disabling  injuries  to  the  extremities  ol  military  personnel  have  proven  extreme- 
ly costly.  To  minlml/e  lost  duty  davs,  permanent  patient  disability,  and  tin-  expendi- 
ture ol  medical  resources  which  result  from  such  Injuries,  etlorts  are  being  made  to  re- 
tine  and  advance  the  current  surgical  techniques  used  In  the  treatment  ot  wounds  t o the 
extremities.  Through  these  studies,  the  objective  Is  to  provide  data  Tor  the  optimal 
repair  anil  management  ot  such  injuries  t o return  personnel  t o duty  with  maximum  (unction 
In  tile  minimum  t I me. 

24.  (U)  The  t raumat  izod  ulnar  nerves  ol  cats  which  had  segmental  loss  were  repaired 
either  with  Intertasc icular  grafts  or  by  an  eplneurial  technique  under  tension.  Six 
months  alter  repair,  critical  evaluations  ot  the  neurorrhaphies  tor  motor  I unct ion, 
muscle  ettielency,  and  total  axon  regrowth  are  made.  Severed  extensor  tendons  in  rhesus 
monkey  hands  were  repaired  and  Immobilized  tor  various  periods  ot  t line  to  determine 
optimum  Inunob l 1 Izat Ion  and  to  evaluate  the  processes  ot  extensor  tendon  healing. 

Numerous  techniques  have  been  used  to  treegratt  partial  or  entire  skeletal  muscles  In 
cats.  The  aut ot ransp lamed  muscles  have  been  evaluated  by  electromyography  . 

25.  (U)  76  10  - 77  09  Initial  data  Indicate  that  an  eplneurial  neurorrhaphy  undet  ten- 
sion, when  Immobilized  three  weeks  postoperat Ivelv , provides  as  satisfactory  a return 
ot  function  as  multiple  Inter lasc Icular  grafts  in  the  cat.  'Total  axon  counts  are  now 
being  tabulated;  this  should  be  the  most  Important  Information.  Although  tenodesis  ot 
extensor  tendons  did  not  occur  even  alter  70  days  ot  Inunobl l izat ion  following  repair, 
preliminary  data  suggest  the  optimal  period  ot  Inunobl 1 izat ion  Is  18  to  24  days. 

Attempts  to  treegraft  an  entire  muscle  have  been  unsuccessful,  but  II  minced,  the 
muscles  appeared  t o grow  new  fibers  and  definitely  had  electrical  activity. 
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ABSTRACT 


3M762772A812  Military  Research  Animal  Resources 

004  Animal  Models  for  Surgical  Repair  of 

Musculoskeletal  Structures 

The  following  investigations  have  been  conducted  under  this  Work  Unit: 

STUDY  NO.  1 Nerve  repair  in  cats:  grafts  vs  tension 

STUDY  NO.  2 Digital  extensor  tendon  repairs  in  monkeys 

STUDY  NO.  3 Study  of  autogenous  graft  techniques  to  restore 
muscle  functions  after  traumatic  injury 

STUDY  NO.  1.  The  ulnar  nerve  of  the  domestic  cat  was  used  as  a model 
for  repair  of  lacerated  peripheral  nerves.  Sixteen  animals  underwent 
bilateral  ulnar  neurorrhaphy  after  a 2 cm  segment  of  the  nerve  was 
removed.  One  side  was  repaired  by  the  epineurlal  technique  under 
tension,  and  the  other  side  was  repaired  by  using  multiple  nerve  grafts. 
All  cats  were  evaluated  for  return  of  function  6 months  following  the 
, nerve  repairs.  From  the  data  analyzed,  there  is  no  statistical  dif- 

ference between  the  two  repair  techniques. 

STUDY  NO.  2.  Twenty-four  adolescent  rhesus  monkeys  underwent  common 
digital  extensor  tendon  transection  and  repair  in  the  mid  metacarpal 
region  of  the  index  and  little  fingers.  Sequential  biopsies  elicited 
the  healing  process  Involved,  and  various  periods  of  immobilization 
resulted  in  no  significant  differences  in  postoperative  complications. 
Tensile  strength  determinations  showed  a gradual  increase  in  the 
strength  after  the  21st  postoperative  day  unrelated  to  the  length  of 
immobi lizat Ion. 

STUDY  NO.  3.  Several  methods  have  been  used  to  autotransplant  partial 
or  entire  skeletal  muscles  in  cats.  Some  of  the  grafts  have  been 
"preconditioned"  by  denervation  2 to  3 weeks  prior  to  transplantation, 
but  others  have  been  grafted  without  prior  denervation.  Some  sections 
have  been  minced  at  the  time  of  transplantation.  Vascular  flaps  and 

(mlcroneurovascular  anastomoses  have  not  yet  been  employed.  Electro- 
myographic studies  have  been  done  on  all  of  the  grafted  muscles  with 
the  regrown  minced  muscle  sections  maintaining  voluntary  functions  for 
the  greatest  period  of  time. 
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WORK  UNIT  NO. 

004 

Animal  Models  for  Surgical  Repair  of 
Musculoskeletal  St ructures 

STUDY  NO. 

1 

Nerve  repair  in 

cats:  grafts  vs  tension 

PROBLEM 

Peripheral  nerve  injuries  are  common  in  both  combat  and  noncombat  mili- 
tary accidents.  Many  of  the  war  Injuries  t rom  the  Vietnam  conflict 
included  severe  damage  to  the  peripheral  nerves  of  the  upper  and  lower 
extremities.  During  one  24  month  period,  !>4 X of  all  casualties  in 
military  hospitals  had  such  injuries.  Although  our  technical  capabili- 
ties have  progressed  greatly  during  the  last  several  years  in  t lie 
surgical  repair  of  peripheral  nerves,  we  still  do  not  have  a good 
method  of  managing  segmental  nerve  defects.  Tension  at  t he  repair  site 
is  considered  detrimental  to  nerve  regeneration  and  healing.  Conse- 
quently, the  use  of  it  multiple  nerve  graft  has  been  advocated.  Problems 
of  repairing  a nerve  under  tension,  where  joints  must  be  flexed,  nerves 
must  be  mobilized,  and  vascularity  diminished,  are  not  completely  over- 
come by  the  use  of  multiple  nerve  grafting  procedures  in  which  an 
avascular  unmatched  segment  is  used  to  bridge  the  defect  and  relieve 
tension.  Intrat'ascicular  grafting  not  only  results  in  the  interposition 
of  an  avascular  segment  which  loses  all  endoneurial  elements  and  struc- 
ture, but  this  technique  also  requires  two  separate  neurorrhaphies  which 
regenerating  neurites  must  cross.  We  know  of  no  evaluation  comparing 
nerve  repairs  with  tension  to  those  neurorrhaphies  which  have  been  done 
with  ti»e  use  of  multiple  grafts.  This  study  critically  compares,  by 
objective  evaluation,  epineurlal  end-to-end  repairs  witli  tension  to 
interfascicular  grafts  done  without  tension  following  loss  of  a nerve 
segment . 

RKSULTS  AND  DISCUSSION  OF  RESULTS 

We  have  previously  described  an  experimental  model  for  peripheral  nerve 
repair  by  using  both  ulnar  nerves  of  domestic  cats.  In  tills  study, 

16  house  cats  underwent  bilateral  resection  of  a 2 cm  length  of  the 
ulnar  nerve  above  the  medial  humeral  eplcondyle.  One  nerve  was  sutured 
under  tension  with  sine  8-0  nylon  by  using  an  epineurlal  technique. 

The  other  nerve  was  repaired  by  using  multiple  caudal  cutaneous  sural 
grafts  that  eliminated  all  tension  at  both  suture  lines.  Size  10-0 
nylon  was  used  to  suture  the  grafts.  The  cats  were  evaluated  for  com- 
parison of  return  of  function  6 months  after  t lie  nerve  sutures.  Sub- 
jective evaluation  included  observation  of  gait,  ability  to  fan  claws 
(intrinsic  function),  and  withdrawal  from  pin  prick  (sensation). 
Objective  evaluation  included  efficiency  and  maximum  strength  of  the 
ulnar  innervated  flexor  muscles,  weight  of  the  flexor  carpi  ulnarls 
muscle,  and  regrowth  of  myelinated  nerve  fibers  by  total  axon  counts 
proximal  and  distal  to  the  repairs,  il istochemical  stains  ot  the 
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flexor  carpi  ulnaris  muscle  were  done  to  determine  fiber  types  and 
grouping*  The  axon  counts  and  evaluation  of  histochemical  stains  are 
currently  in  progress.  All  other  evaluations  have  been  completed  and 
statistically  analyzed.  Statistical  analysis  of  data  showed  no  signi- 
ficant differences  between  the  two  techniques  in  overcoming  segmental 
nerve  defects  in  cats.  When  compared  to  an  initial  study,  where  nerves 
were  repaired  primarily  without  tension,  it  was  found  that  all  animals 
with  segmental  detects  had  less  return  of  function  titan  those  animals 
which  had  no  segmental  defect  but  merely  an  acute  laceration  and  repair. 

CONCLUSIONS 

We  do  not  yet  have  the  answer  to  the  optimal  management  of  segmental 
defects  of  peripheral  nerves.  Since  we  have  demonstrated  a qualitative 
and  quantitative  difference  between  the  results  of  nerves  repaired  with- 
out tension,  either  epineurially  or  perineurially , when  compared  to 
nerves  with  segmental  defects  repaired  under  tension,  or  with  grafts, 
we  concluded  that  the  ideal  neurorrhaphy  is  one  performed  as  soon  after 
the  injury  as  possible,  without  tension,  without  grafts,  with  atraumatic 
technique,  with  appropriate  alignment  of  fascicular  nerve  ends,  and 
with  the  realization  by  the  surgeon  and  the  patient  that  perfect  func- 
tional return  is  not  possible. 

RECOMMENDATIONS 


To  confirm  the  validity  of  our  findings,  we  feel  further  extensive 
evaluations  of  peripheral  nerve  repairs  should  be  conducted  in  nonhuman 
primates.  Attempts  are  underway  and  should  continue  to  identify  and 
describe  a method  of  counting  the  axons  by  computer  or  other  electronic 
means,  greatly  speeding  future  studies  and  adding  to  the  overall 
validity.  Clinical  correlation  of  Letterman  Army  Medical  Center 
patients  with  peripheral  nerve  Injuries  should  be  coordinated  with 
prospective  primate  studies. 

PUBLICATIONS 
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J. J.  NIE BAUER.  Eplneurial  and  per ineur ial  fascicular  nerve  repairs: 
A critical  comparison.  J Hand  Surg  1:131,  197b 


STUDY  NO. 


Digital  extensor  tendon  repairs  in 
monkeys 


PROBLEM 

Study  of  tendon  injuries  and  their  repair  has  centered  around  flexor 
tendons.  Lack  of  attention  to  extensor  tendon  injuries  may  be  attri- 
buted to  the  fact  that  extensor  tendons  are  the  positioners  of  the 
hand  and  fingers,  allowing  the  flexors  to  perform  the  primary  func- 
tions of  pinch,  grasp,  and  hook.  Consequently,  there  is  a paucity 
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ot  published  data  regarding  healing  of  extensor  tendons,  even  though 
extensor  tendon  Injuries  are  common  in  both  combat  and  noncombat  situ- 
ations. When  dealing  with  a clean,  sharp  transection  of  an  extensor 
tendon,  it  is  general  practice  to  reapproximate  the  severed  ends 
surgically  and  immobilize  the  Injured  part  during  healing.  The  opti- 
mum duration  oi  immobilization,  however,  is  subject  to  great  contro- 
versy. Prolonged  immobilization  of  a repaired  extensor  tendon  may 
result  in  increased  scar  formation,  tenodesis,  and  contracture.  This 
mav  result  in  a temporary  or  permanent  disability  of  the  part  served 
bv  t lie  tendon,  and  additional  surgical  procedures  such  as  tenolysis 
may  be  required  to  restore  mobility  to  t lie  tendon.  Conversely,  too 
early  use  ot  a repaired  extensor  tendon  may  result  in  repair  failure. 
Again,  this  leads  to  additional  surgical  procedures  to  correct  the 
problems.  Tills  study  has  been  designed  to  determine  the  optimal 
period  of  Immobilization  of  a repaired  extensor  tendon,  and  to  help 
identify  and  describe  the  cellular  processes  involved  in  healing  of 
extensor  tendons  repaired  after  transection. 

RESULTS  AND  DISCUSS  ION  OK  RESULTS 

Experiment  I.  The  common  digital  extensor  tendon  of  the  index  and 
little  t ingers  ot  one  hand  of  9 rhesus  monkeys  were  completely 
severed  and  surgically  reunited  by  standard  techniques.  The  arm  and 
hand  were  then  immobilized  in  a full  arm  cast  with  the  elbow  in 
flexion.  immobilization  for  each  monkey  was  either  2,  4,  7,  10,  14, 

21,  28,  35,  42,  or  70  days,  the  period  assigned  randomly.  At  the 
appropriate  time,  biopsy  specimens  of  each  repaired  tendon  were  re- 
moved. The  index  finger  biopsies  were  used  for  histopathologic  studies, 
and  the  small  finger  biopsies  were  used  to  determine  tensile  strength 
of  the  repair  with  the  use  of  a tensiometer.  Histologically,  the  ten- 
don appears  to  heal  in  2 ways.  First,  granulation  from  the  surround- 
ing injured  tissue  forms  a sheath  around  the  injured  segment  which 
gradually  matures  and  organizes  and  fills  any  defects  between  the  ends 
of  the  severed  tendon.  Vascularity  decreases  within  the  regenerating 
tendon  and  the  extracellular  collagen  coalesces.  Second,  fibroblast 
nuclei  within  the  Injured  tendon  also  appear  to  proliferate.  Although 
no  mitotic  figures  were  observed,  rows  of  plump  nuclei  were  widely 
separated  from  the  granulation  sheath.  The  tensile  strength  determi- 
nations Indicate  that  the  tendon  does  not  begin  to  develop  appreciable 
strength  until  after  postoperative  day  21.  This  indicates  that  limited 
movement  after  such  time  can  be  tolerated,  and  before  this  time  there 
is  no  appreciable  difference  from  the  first  postoperative  day. 

Experiment  2.  Hon tome trie  measurements  to  establish  range  oi  motion 
of  the  metacarpophalangeal  (MCI’),  proximal  (I’ll’)  and  distal  (Dll’) 
intorphalangea l joints  were  performed  on  one  hand  of  15  rhesus  monkeys 
immediately  prior  to  surgery.  A surgical  procedure  Identical  to  that 
of  Experiment  l of  the  study  was  performed.  Operated  hands  were  In  a 
cast  for  2,  '3,  or  4 weeks  of  total  immobilization,  followed  in  each 
case  by  2 weeks  of  light  activity  in  a bulky  dressing.  At  the 
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appropriate  time  after  immobilization,  animals  were  evaluated  by 
gonlometric  measurements  for  range  of  motion  of  the  MCP,  PIP,  and  DIP 
joints  of  the  index  and  small  fingers.  Measurements  were  also  re- 
peated at  6,  8,  and  10  weeks  after  surgery.  Differences  as  a function 
of  duration  of  immobilization  were  sought.  The  group  immobilized 
totally  for  4 weeks  showed  decreased  passive  motion  when  gonlometrically 
measured  at  42  days  when  compared  to  the  other  2 groups.  By  70  days, 
all  groups  were  equal  and  nearly  all  of  the  gonlometric  measurements 
had  returned  to  normal  preoperative  values. 

CONCLUSIONS 


We  have  adequately  described  the  histologic  appearance  of  the  healing 
extensor  tendon.  We  have  also  found  that  the  healing  extensor  tendon 
of  the  rhesus  monkey  does  not  develop  appreciable  strength  until  after 
21  days  following  surgery.  However,  our  model  has  not  developed  2 of 
tile  major  problems  we  intended  to  evaluate,  i.e.,  tenodesis  or  extensor 
lag.  Either  treatment  groups  are  ail  equally  suitable  for  the  manage- 
ment of  the  injury  we  produced,  or  the  model  is  inappropriate  to  evalu- 
ate these  problems. 

RECOMMENDATIONS 

All  monkeys  used  in  this  study  were  equivalent  in  age  to  human  adoles- 
cents. This  young  age  may  partially  explain  the  excellent  healing 
found  in  all  treatment  groups.  We  feel,  therefore,  that  Experiment  2 
should  be  repeated  in  a small  number  of  older,  more  mature  animals  to 
determine  if  tenodesis  develops  more  readily  in  these  older  monkeys. 
Such  determinations  will  further  contirm  the  adequacy  of  our  model. 

PUBLICATIONS 


None 

STUDY  NO.  3 Study  of  autogenous  graft  techniques 

to  restore  muscle  functions  after 
traumatic  injury 

PROBLEM 

Limb  and  skeletal  muscle  viability  mav  be  impaired  or  often  destroyed 
following  severe  trauma  or  limb  swelling  and  compartmental  syndrome. 
Subsequent  surgical  treatment,  which  out  of  necessity  includes  exten- 
sive debridement  of  all  devitalized  tissues,  further  adds  to  the  func- 
tional loss  and  disfigurement  of  the  affected  part.  Currently,  there 
is  no  technique  to  restore  or  augment  severely  traumatized  skeletal 
muscles  following  such  functional  loss.  Small  muscles  have  been  used 
successfully  to  restore  function  to  sphincters  and  small  areas  of  the 
face  in  human  patients,  but  there  are  no  reports  of  successfully  re- 
placing large  muscle  masses.  This  study  is  designed  to  develop 
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techniques  In  animal  models  which  will  permit  large  muscle  masses  to 
be  autot  transplanted  to  another  area  of  the  same  limb  or  a different 
limb,  restoring  function  to  a severely  traumatized  part. 

RESULTS  /INI)  DISCUSSION  OF  RESULTS 


Numerous  varied  techniques  have  been  used  to  free  graft  skeletal 
muscles  in  cats.  Attempts  have  been  made  to  graft  autogenouslv  both 
partial  and  whole  muscles.  Initially,  the  muscles  were  preconditioned 
by  denervat ing  them  2 to  J weeks  prior  to  autotransplantation.  When 
compared  to  those  muscle  grafts  which  had  not  been  preconditioned,  it 
was  found  that  the  preconditioned  muscle  grafts  were  far  inferior. 
Klectromyographically , several  of  the  nonprecondit ioned  muscle  grafts 
have  shown  voluntary  contraction  and  strong  electrical  activity  for  up 
to  12  weeks  following  autotransplantation.  The  preconditioned  muscle 
grafts  universally  have  failed  to  exhibit  any  electrical  activity  or 
motor  unit  potentials  at  all  following  autotransplantation.  Those 
grafts  which  remained  viable  in  activity  for  at  least  12  weeks  pro- 
gressively scarred  and  fibrosed  until  nothing  but  scar  tissue  remained. 
Based  on  this  observation,  it  was  concluded  that  the  grafts  were  not 
receiving  enough  surface  exposure  to  the  host  muscle  bed  to  gain  ade- 
quate vascular izat ion  to  support  and  maintain  viability.  Consequently, 
some  grafts  were  minced  mechanically  prior  to  their  autotransplantation 
and  these  were  found  histologically  to  be  growing  new  muscle  fibers, 
and  also  appeared  to  have  viable  motor  end  plates.  Another  technique 
has  now  been  tried  to  move  the  whole  intact  muscle  and  provide  more 
surface  exposure  to  the  receptor  muscle  bed. 

These  grafts  have  recently  been  biopsied,  and  we  are  awaiting  the  re- 
sults of  flic  h ist ochemical  and  histologic  examinations.  Autotransplant 
in  which  microneurovascular  anastomoses  are  utilized  have  not  yet  been 
done . 

CONCLUSIONS 

We  believe  that  preconditioning  a muscle  graft  by  prior  denervation 
not  only  is  unnecessary,  but  it  appears  to  be  detrimental  to  the  via- 
bility of  the  graft.  Large  muscle  masses  can  be  autot ransplanted  as 
tree  grafts,  and  they  will  regain  viability  and  some  electrical 
activity.  However,  it  seems  that,  as  the  metabolic  activity  of  these 
muscles  increases,  the  neovascularity  is  too  small  to  maintain  a 
functional  muscle  unit.  Consequently,  techniques  must  be  developed 
to  provide  an  increased  blood  supply  to  these  free  grafts,  especially 
at  the  time  when  the  metabolic  and  electrical  activity  starts  to 
increase  rapidly. 

RECOMMENDATIONS 


Et torts  should  continue  to  describe  a technique  which  will  permit  large 
skeletal  muscle  masses  to  be  moved  to  different  areas  of  the  same  body 
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to  help  restore  function  to  a damaged  or  devitalized  link.  It  may  be 
necessary  to  accomplish  this  as  a multiple  stage  procedure  so  that 
each  of  the  various  stages  will  be  able  to  undergo  complete  neovascu- 
larization prior  to  the  addition  of  the  next  graft.  In  addition  to 
the  electromyographic  examination  of  these  muscle  grafts,  attempts 
should  be  made  to  measure  the  actual  contractility  of  the  grafts. 
Microsurgical  neurovascular  free-muscle  grafts  should  be  evaluated  and 
compared  to  free-muscle  grafts. 
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23.  (U)  Resuscitation  from  trauma  in  combat  operations  imposes  problems  not  typically 
encountered  in  civilian  medical  operations.  Among  those  are  the  occurrences  of  mass 
casualties,  and  physical  limitations  of  field  medical  facilities.  Short,  violent  con- 
flicts will  further  limit  field  medical  support  of  combat  operations  and  medical 
casualties  may  be  required  to  continue  providing  limited  support  of  combat  operations. 
There  will  be  greater  emphasis  on  methods  of  treating  combat  injuries  which  permit 
rapid  return  to  duty.  The  objectives  of  this  work  unit  are  to  assess  the  effects  of 
military  trauma  on  combat  effectiveness  and  to  evaluate  functional  recovery  following 
the  use  of  different  resuscitating  procedures. 


24.  (U)  The  methods  used  emphasize  the  detection  and  quantification  of  those  functional 
changes  which  could  limit  adaptation  to  the  environment  following  trauma.  Both  behavior-J 
al  and  neurophysiological  techniques  will  be  employed  in  order  to  increase  the  chances 
of  detecting  effects  which  significantly  impair  the  function  of  the  organism.  Behavior 
al  testing  will  be  used  to  evaluate  basic  sensory  and  motor  processes  as  well  as  more 
complex  cognitive  processes.  The  additional  data  obtained  through  appropriate  analysis 
of  spontaneous  and  evoked  electroencephalographic  activity  will  provide  further  evidence| 
of  possible  changes  in  central  nervous  system  activity. 

25.  (U)  76  10  - 77  09  Behavioral  testing  has  been  used  to  demonstrate  significant  dif- 
ferential effects  of  massive  transfusion  with  various  resuscitating  solutions.  Further 
studies  will  be  required  to  obtain  dose-response  data  for  these  materials,  and  to 
explain  their  behavioral  effects. 
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ABSTRACT 

PROJECT  NO.  3M162172A812  Military  Research  Animal  Resources 

TASK  NO. 

WORK  UNIT  NO.  024  Neurobehavioral  Investigations 

of  Military  Trauma 

The  following  investigations  have  been  conducted  under  this  work  unit: 
STUDY  NO.  1 Behavioral  effects  of  massive  transfusion 


STUDY  NO.  2 Neurophysiological  effects  of  massive  transfusion 
STUDY  NO.  3 Servoanesthesia 

STUDY  NO.  1.  Operant  behavior  of  rats  was  examined  following  exchange 
transfusion  with  asanguinous  solutions.  Different  transient  performance 
decrements  were  observed  following  transfusion  with  albumin,  stroma-free 
hemoglobin,  or  a mixture  of  these  proteins.  Behavioral  recovery  appeared 
to  be  complete  in  all  transfused  groups  by  the  second  week  of  testing. 
Tissue  samples  obtained  several  weeks  after  transfusion  revealed  no 
morphologic  differences  between  groups.  Further  studies  will  be  required 
to  determine  the  mechanisms  responsible  for  the  behavioral  changes  ob- 
served during  these  preliminary  experiments. 

STUDY  NO.  2.  Spontaneous  and  stimulus-evoked  brain  electrical  activity 
was  recorded  from  chronically  implanted  electrodes.  Digital  signal 
processing  was  used  to  obtain  averaged  ^vent-related  potentials  and  to 
obtain  power  spectra  of  electroencephalographic  signals.  When  sufficient 
baseline  data  are  obtained,  similar  techniques  will  be  used  to  study 
brain  electrical  activity  during  and  after  massive  transfusion.  Data 
obtained  during  these  experiments  will  be  related  to  behavioral  measures 
of  functional  changes  in  the  central  nervous  system. 

STUDY  NO.  3.  Electroencephalographic  activity  (EEG)  was  recorded  from 
animals  anesthesized  with  halothane,  methoxyf lurane,  or  pentobarbital. 
Characteristic  changes  in  patterns  of  electrophysiological  activity  were 
related  to  depth  of  anesthesia.  Work  is  in  progress  to  identify  those 
features  of  the  EEG  which  best  discriminate  levels  of  anesthesia.  The 
reduced  data  set  consisting  of  these  selected  features  of  the  EEG  will 
be  used  to  regulate  anesthesia  delivery. 
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WORK  UNIT  NO.  024  Neurobehavioral  Investigations  of 

Military  Trauma 

STUDY  NO.  1 Behavioral  effects  of  massive 

transfusion 

PROBLEM 

Tlu'  extreme  conditions  of  combat  operations  pose  difficulties  in  the 
supply  and  storage  of  whole  blood.  In  an  attempt  to  ameliorate  these 
difficulties,  research  is  in  progress  to  solve  problems  associated  witli 
the  long-term  storage  of  blood  and  to  develop  new  asanguinous  resuscitating 
materials  which  may  offer  advantages  in  the  front-line  medical  support 
of  military  operations.  A research  program  has  also  been  designed  to 
test  for  brain  dysfunction  and/or  brain  damage  following  massive  re- 
placement of  blood  with  standard  or  experimental  resuscitating  solutions. 
The  purpose  of  this  study  was  to  use  readily  quantified  measures  of  be- 
havior obtained  under  controlled  condition;;  to  evaluate  functional  re- 
covery of  tlie  central  nervous  system  following  massive  transfusion  with 
cell-free  resuscitating  solutions. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  methods  of  behavioral  evaluation  were  based  upon  operant  techniques 
in  which  rats  were  requir'd  to  perform  specific  tasks  in  order  to  obtain 
food  reinforcement . Two  operant  schedules  were  selected  for  preliminary 
study.  A fixed  ratio  (FR)  schedule  provided  reinforcement  in  direct 
proportion  (1:20)  to  the  number  of  bar-press  responses  omitted  by  the 
animal.  The  FR  performance  is  characterized  by  relatively  high  and 
stable  response  rates.  A differential  reinforcement  of  low  response 
rates  (DRI.)  schedule  required  that  subjects  develop  precise  temporal 
spacing  of  responses  in  order  to  obtain  food  reinforcement.  The  DRL 
task  was  selected  as  a means  of  determining  whether  or  not  relatively 
complex  timing  behavior  is  preserved  following  massive  exchange  trans- 
fusion. 

The  FR  and  DRL  operant  boluivior  of  rats  was  examined  following  b 5 per- 
cent exchange  transfusion  with  bovine  serum  albumin  (BSA) , stroma-free 
hemoglobin  (SFH) , or  a mixture  of  these  materials  (MIX).  The  FR  rates 
of  transfused  animals  were  significantly  depressed  in  comparison  to 
surgical  controls  24  hr  after  exchange  transf vision , but  differences 
between  transfused  groups  were  not  significant.  After  the  first  day, 
there  were  no  significant  differences  in  FR  response  rates  between  the 
surgical  control,  hemoglobin-albumin,  and  albumin  groups.  Response 
rates  of  the  SFH  group,  however,  remained  significantly  lower  in  com- 
parison to  all  other  groups  through  the  fourth  day  of  testing.  Trans- 
fusion related  changes  in  DRL  performance  were  similar  to  those  observed 
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with  the  FR  tusk.  Behavioral  recovery  appeared  to  be  complete  in  all 
animals  by  the  second  week  of  testing.  Behavioral  testing  was  con- 
tinued for  six  weeks.  Animals  were  then  sacrificed  and  tissue  samples 
were  obtained  for  histopatholog Ic  study.  Light  microscopic  examination 
of  eye,  brain,  lung,  thymus,  heart,  liver,  spleen,  pancreas,  kidney, 
mesenteric  lymph  node,  and  bone  marrow  revealed  no  morphologic  differ- 
ences between  control,  MIX,  BSA,  and  SFll  groups. 

CONCJJISI  ONS 

Significant  changes  in  operant  behavior  were  related  to  the  type  of 
material  used  for  exchange  transfusion.  The  apparently  poorer  per- 
formance  of  the  SFH  group  must  be  Interpreted  witli  caution  for  the 
following  reasons.  First,  SFH  was  nearly  completely  excreted  at  the 
time  of  initial  behavioral  testing.  Second,  the  performance  of  the  MIX 
group  which  also  received  hemoglobin  was  virtually  identical  to  the 
group  transfused  with  BSA  alone.  Finally,  the  stroma-free  hemoglobin 
solution  which  was  used  was  an  experimental  formulation  and  changes  in 
the  methods  of  preparation  or  administration  might  result  in  different 
behavioral  effects.  Therefore,  it  would  be  desirable  to  reevaluate  SFH 
solutions  as  new  variations  are  made  available. 

RFCOMMKN  HAT l ONS 

Studies  ot  t hi1  behavioral  consequences  of  massive  transfusion  should  be 
continued  with  the  use  of  standard  crystalloids,  colloids,  and  banked 
whole  blood.  Future  research  should  include  dose-response  studies  in 
which  changes  In  behavioral  indices  will  be  related  to  amounts  of  blood 
replaced.  Those  studies  should  use  blood  replacement  following  hemor- 
rhage In  addition  to  the  exchange  transfusion  procedure.  The  hemor- 
rhage model  is  a more  realistic  representation  ol  blood  loss  following 
trauma.  Finally,  behavioral  testing  should  be  extended  to  include 
evaluation  of  both  more  elementary  and  more  complex  forms  of  behavior 
t ol low  lug  t ransfus  Ion . 
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STUDY  NO.  2 Neurophysiological  effects  of  massive 

transfusion 

PROBLEM 

Examination  of  stimulus-evoked  peripheral  and  central  nervous  system 
electrophysio logical  events  can  provide  valuable  information  concerning 
the  ability  of  the  nervous  system  to  process  and  respond  to  external 
events.  Changes  in  the  spontaneously  occurring  electrical  activity  of 
the  brain  may  provide  additional  information  concerning  the  general  state 
of  the  organism.  The  objectives  of  this  study  are  (1)  to  use  electro- 
physiological  data  in  assessing  the  effects  of  various  resuscitating 
solutions  and  procedures  on  brain  functioning  and  behavior  and  (2)  to 
relate  electrophysiological  data  obtained  during  resuscitation  to  the 
subsequent  functional  recovery  of  the  subject.  Suspected  post-traumat ic 
functional  changes  in  the  subjects  will  also  be  confirmed  with  behavioral 
measurements . 

The  identification  of  physiological  variables  which  reliably  predict 
overall  functional  recovery  could  lead  to  the  development  of  diagnostic 
procedures  for  use  in  rapid  screening  of  brain  dysfunction  in  combat 
casualties  where  significant  blood  loss  and  replacement  have  occurred. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Baseline  visual  and  somatosensory-evoked  potential  data  have  been  re- 
corded from  rats  with  the  use  of  chronically  implanted  electrodes. 

Digital  computer  programs  were  developed  which  allow  on-line  monitor- 
ing of  spontaneous  and  stimulus-evoked  electroencephalographic  activity 
during  resuscitation  procedures  and  during  recovery.  Investigations  are 
now  in  progress  to  assess  changes  in  brain  electrical  activity  during 
hemodilution  with  standard  asanguinous  resuscitating  solutions.  In 
future  studies,  electrophysiological  data  recorded  during  resuscitation 
will  be  related  to  behavioral  recovery  in  the  same  subject. 

CONCLUSIONS 

None 

RECOMMENDATIONS 

Statistical  analyses  of  data  from  the  initial  experiments  must  be 
completed . 

PUBLICATIONS 

None 
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STUDY  NO.  3 


Servoanesthesia 


PROBLEM 

Several  anesthetics  produce  characteristic  changes  in  the  spontaneous 
electrical  activity  of  the  brain,  and  the  changes  can  be  correlated 
with  the  depth  of  anesthesia.  It  would  appear  feasible,  therefore,  to 
use  selected  features  of  the  electroencephalogram  to  control  automati- 
cally the  delivery  rate  of  anesthetic  agents  and  consequently  maintain 
a given  depth  of  anesthesia.  Historically,  attempts  to  implement  servo- 
anesthesia  systems  have  met  with  limited  success  due  to  the  complexi- 
ties of  biological  signal  processing  and  the  construction  of  the  control 
systems  for  anesthesia  delivery.  There  were  also  unresolved  questions 
concerning  the  selection  of  appropriate  features  of  the  biological  sig- 
nals for  use  in  feedback  regulation.  Recent  developments  in  digital 
signal  processing  offer  practical  solutions  to  these  difficulties.  This 
study  was  undertaken  in  order  to  re-examine  the  servoanesthesia  problem 
by  using  the  more  advanced  computer-assisted  methods  which  are  currently 
available.  Servoanesthesia  would  be  particularly  valuable  in  forward 
medical  support  of  combat  operations. 

RESULTS  AND  DISCUSSION  OE  RESULTS 

Spontaneous  and  st lmulus-evoked  electroencephalographic  (EEC)  activity 
was  recorded  from  animals  anesthel ized  with  halothane,  methoxyf lurane , 
or  pentobarbital.  Other  physiological  variables  including  body  temper- 
ature and  heart  rate  were  also  monitored.  Spectrum  analyses  and  signal 
averaging  techniques  were  used  to  reduce  EEC  data.  Preliminary  data 
analyses  confirmed  the  presence  of  previously  reported  EEC  changes  re- 
lated to  depth  of  anesthesia.  Further  statistical  analyses  will  be 
required  to  evaluate  the  stability  of  the  observed  EEC  changes  as  a 
function  of  time  (duration  of  anesthesia)  and  to  identify  features  of 
the  reduced  data  set  which  best  discriminate  levels  of  anesthesia. 

Work  is  now  in  progress  to  develop  computer  programs  which  can  be  used 
for  on-line  processing  of  the  physiological  data  for  vise  in  feedback 
control  of  an  anesthetic  delivery  system. 

CONCLUSIONS 

None 

RECOMMEN DAT IONS 

Data  collection  and  statistical  analyses  should  be  continued. 
PUBLICATIONS 
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23.  (II)  Tht  objectives  are  to  experimentally  determine  dose  response  relationships  lor 
exposure  to  infrared  laser  radiation  for  exposure  conditions  relevant  to  DARCOM  laser 
systems  operation,  for  systems  used  for  EC0M  designation  and  guidance  tasks  and  to  re- 
commend to  the  Army  user  community  permissible  exposure  limits  and  field  safety  proced- 
ures . 

24.  (II)  The  ED^q  (effective  dose  required  to  produce  a change  50%  of  the  time)  lor 
various  exposure  conditions  and  response  criteria  were  determined.  The  cornea  expo- 
sures are  evaluated  at  various  time  Intervals  by  direct  observation,  histological 
techniques,  and  specular  microscopy. 

25.  (II)  7610-7709  An  EDcq  of  2.9  joules/ cm'  was  determined  for  a holmium  laser  opera- 
ting at  2.06  microns.  The  multimode  laser  was  operated  in  the  long  pulse  mode  with  a 
pulse  duration  of  250  psec.  The  intensity  distribution  was  irregular  and  the  beam 
diameter  was  1.8  mm  at  the  1/e  irradianee  points.  The  corneal  opacities  involved  the 
corneal  epithelium  and  upper  stroma.  Persistent  stroma  scars  were  observed  three  months 
after  exposure  at  doses  2.5  times  the  ED^q.  Routine  histological  evaluation  showed 
changes  In  the  basal  epithelial  cells  for  doses  near  the  EDcq.  The  ED^q  lor  full 
corneal  exposure  (beam  diameter  7.4  mm  at  1/3  irradianee  points)  has  been  estimated  to 
be  17.5  watts/cm-  laser  radiation  at  10.6  microns.  Corneal  specular  microscopy  lias 
shown  endothelial  cell  changes  at  24  hours  after  the  exposure  for  doses  near  the  EOc^). 
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ABSTRACT 


PROJECT  NO.  3E7672772A813  Health  Effects  of  Military  Lasers 

WORK  UNIT  NO.  021  Determination  of  Threshold  Data 

from  Coherent  and  Incoherent 
Radiation  Sources 

The  following  investigations  have  been  conducted  under  this  Work  Unit: 

STUDY  NO.  1 Ocular  and  skin  effects  of  infrared  laser  radiation 

An  ED  of  2.9  J/cm^  was  determined  for  a holmium  laser  operating  at 
2.06  microns.  The  multimode  laser  was  operated  in  the  long  pulse 
mode  with  a pulse  duration  of  250  psec.  The  intensity  distribution 
was  irregular  and  the  beam  diameter  was  1.8  mm  at  the  1/e  irradiance 
points.  The  corneal  opacities  involved  the  corneal  epithelium  and 
upper  stroma.  Persistent  stroma  scars  have  been  observed  three  months 
after  exposure  at  doses  2.5  times  the  ED  . Routine  histological 
evaluation  showed  changes  in  the  basal  epithelial  cells  for  doses  near 
the  ED^_.  The  ED,,  for  full  corneal  exposure  (beam  diameter  7.4  mm 
at  1/e  irradiance  points)  has  been  estimated  to  be  17.5  watts/cm. 
Corneal  specular  microscopy  has  shown  endothelial  cell  changes  at  24 


(ED  is  defined  as  the  probability  of  producing  a clouding 
of  tne  epithelium  and/or  superficial  stroma  in  fifty  percent 
of  exposures  one  hour  after  laser  exposure.) 


327 


I 


BODY  OF  REPORT 


WORK  UNIT  NO.  021 


Determination  of  Threshold  Data 
from  Coherent  and  Incoherent 
Radiation  Sources 


STUDY  NO. 


Ocular  and  skin  effects  of  infrared 
laser  radiation 


PROBLEM 


Many  present  and  proposed  military  laser  systems  operate  in  the  in- 
frared region  of  spectrum  beyond  1.4  microns.  This  region  of  the 
electromagnetic  spectrum  is  commonly  referred  to  as  the  "eye  safe" 
region  because  the  radiant  exposure  required  to  produce  an  observable 
change  is  10  to  10000  times  higher  than  that  required  for  visible  and 
near  infrared  wavelengths.  For  infrared  wavelengths,  the  cornea  and 
outer  ocular  structures  are  the  primary  absorption  site  and  conse- 
quently the  site  of  injury  whereas  the  retina  is  affected  by  the  visi- 
ble and  near  infrared  wavelengths.  Although  permissible  exposure 
limits  have  been  defined  in  TB  Med  279,  there  are  exposure  condi- 
tions relevant  to  military  applications  whore  no  bioeffects  data  are 
available.  Permissible  exposure  limits  have  been  established  by  ex- 
trapolation for  these  conditions.  The  specific  problems  addressed  by 
this  study  are  to  (1)  determine  dose-response  relationships  for  holmi- 
um  laser  radiation  at  2.06  microns,  (2)  evaluate  epithelial  and  endo- 
thelial changes  from  CO.,  laser  radiation  at  and  above  present  per- 
missible exposure  limits,  and  (3)  evaluate  these  bioeffects  data  with 
respect  to  present  standards. 


RESULTS  AND  DISCUSSION  OF  RESULTS 


A holmium  laser  (fabricated  by  Electronics  Command,  Ft.  Monmouth,  NJ) 
was  used  to  determine  the  ED  (effective  dose  for  the  0.50  probability 
of  observing  the  response)  for  observation  of  a corneal  opacity  1 to  2h 
after  the  exposure.  The  laser  was  operated  in  the  long  pulse  mode 
with  a pulse  duration  of  250  nsec.  The  measured  beam  divergence  of 
the  laser  was  approximately  5.0  mrad . Because  of  the  large  divergence 
and  limited  energy  output  per  pulse,  a four  diopter  lens  was  used  to 
focus  the  radiation  on  the  cornea.  At  the  corneal  plane,  the  intensity 
distribution  was  bilobal  with  a 1/e  diameter  of  1.8  mm.  The  dose  re- 
presented in  this  report  is  the  estimated  peak  radiant  exposure  at  the 
corneal  plane.  The  cornea  of  seven  rhesus  monkeys  were  used  in  these 
experiments.  Five  exposures  were  placed  in  each  eve.  The  dose  was 
randomly  varied  from  1.0  to  6.0  J/cm^.  The  ED5Q  for  biomicroscop ically 
observing  a corneal  lesion  was  2.9  J/cm"  with  u 95%  confidence  inter- 
val about  the  F.D^q  of  2.7  to  3.1  j/cm*'.  The  slope  of  the  dose  response 
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curve  was  1.17  (EDg,/E,  ) which  is  comparable  to  corneal  dose-response 
curves  for  tht  CO2  laser  wavelength  of  10.6  microns.  The  lowest  dose 
where  a lesion  was  observed  was  2. A J/cm  . Lesions  near  the  threshold 
(2. 7-3.1  J/cm^)  were  not  apparent  by  slit  lamp  observation  one  week 
after  the  exposure,  however,  for  higher  doses  ( 3. A J/cnr)  a stromal 
scar  (the  upper  1/3  of  stroma)  was  still  obvious  1 month  after  expo- 
sure. Preliminary  light  microscopy  suggests  that  the  locus  of  altera- 
tion is  in  the  basal  epithelial  cells  of  the  cornea.  | 

Typical  field  exposure  to  CO?  laser  radiation  will  involve  the  expo- 
sure of  the  entire  cornea.  Beam  diameters  used  to  determine  dose 
response  relationships  for  the  corneal  effects  of  CO.,  laser  radiation 
have  been  2 to  3 mm  at  the  1/e  intensity  points.  In  this  study,  the 
cornea  of  5 rhesus  monkeys  were  exposed  to  various  doses  of  CO,  laser 
radiation  for  a 100  msec  exposure  duration.  The  beam  intensity  distri- 
bution was  Gaussian  with  the  1/e  irradiance  diameter  of  7. A mm.  On 
the  basis  of  10  exposures  with  doses  varying  from  A.O  to  30  W/cm~ 

(peak  irradiance),  the  estimated  ED,-,,  for  observation  of  a corneal 
opacity  1-2  h after  the  exposure  is  17.5  W/cm2.  The  ED^q  for  a 215  mm 
irradiance  diameter  was  previously  determined  to  be  25  W/cm~.  Con- 
sequently, a lower  irradiance  was  required  to  produce  a corneal  lesion 
for  a 7. A mm  irradiance  diameter. 

The  effects  of  these  exposures  on  the  cornea  endothelium  are  being 
evaluated  by  in  vivo  corneal  specular  microscopy.  Appearance  of  the 
corneal  endothelium  and  endothelial  cell  size  is  being  compared  be- 
fore and  after  exposure.  For  the  exposures  near  opacity  threshold 
(18-22  W/cm~  for  100  msec,  7. A mm  beam),  dark  enlarged  intracellular 
spaces  were  observed  at  irregular  intervals  beneath  the  exposure  site. 

Some  larger  endothelial  cells  were  observed  several  weeks  post  expo- 
sure, however,  further  evaluation  of  endothelian  cell  size  with  dose  and 
time  after  exposure  is  required. 

Various  degrees  of  vitreal  syneresis  were  observed  in  28  of  the  30 
rhesus  monkey  eyes.  The  observed  vitreal  structures  varied  from  fine 
strands  randomly  spaced  throughout  the  vitreous  to  thick  intertwining 
fibrous  networks  with  some  clumping  of  the  collagenous  condensate  at 
the  fiber  junctions.  Qualitatively,  the  degree  of  syneresis  was 
slightly  more  extensive  in  the  eight  older  mature  males  than  in  the 
seven  younger  animals.  In  all  animals,  a clear  view  of  the  fundus 
could  be  obtained  with  the  ophthalmoscope.  The  vitreous  structures 
may  be  one  cause  of  variability  in  ocular  dose-response  relationships 
for  exposure  to  laser  radiation.  The  effect  on  retinal  exposure  ex- 
periments of  the  finer  vitreal  structure  is  considered  minimal. 

Persistent  ultrastructural  changes  have  recently  been  observed  for 
low  level  Q-switched  ruby  laser  exposure.  The  present  permissible 
exposure  standard  (TB  Med  279)  was  compared  with  the  doses  required 
for  3 exposure  conditions  where  dose  response  relationships  for  the 
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ocular  exposure  of  rhesus  monkeys  to  a Q-switched  laser  have  been  pre- 
viously reported.  The  exposure  conditions  were  (1)  production  of  an 
ophthalmoscopically  visible  lesion  for  a minimal  retinal  irradiance 
diameter  ( =50  microns),  (2)  the  production  of  an  opthalmoscopically 
visible  lesion  for  a 1000  micron  retinal  irradiance  diameter,  and 
(3)  the  production  of  prolonged  electron  microscopic  changes  in  the 
outer  segments  of  photoreceptors  for  a 1000  micron  retinal  irradiance 
diameter,  and  (3)  the  production  of  prolonged  electron  microscopic 
changes  in  the  outer  segments  of  photoreceptors  for  a 1000  micron  re- 
tinal irradiance  diameter.  By  using  the  intrabeam  viewing  standard, 
t hi  dose  required  for  the  production  of  an  ophthalmoscopically  visi- 
ble lesion  in  the  macula  for  a minimal  retinal  irradiance  diameter 
was  50  times  greater  than  tht  MPE . The  doses  for  large  retinal  irra- 
diance conditions  of  2 and  3 were  compared  to  the  extended  source 
viewing  standard  bv  calculating  the  dose  received  from  an  extended 
source  that  is  irradiated  at  the  MPE  and  imaged  to  1000  microns  on 
the  retina.  This  calculated  total  intraocular  energy  (TIE)  for  a 
maximally  dilated  pupil  is  less  than  10  times  below  that  required  for 
condition  2 and  approximately  twice  the  dose  used  to  produce  electron 
microscopic  changes  in  condition  3.  If  one  is  concerned  about  ultra- 
structural  changes  to  the  retina  from  a single  Q-switched  ruby  laser 
pulse,  the  present  standard  for  these  specific  conditions  is  certainly 
not  too  conservative. 

CONCLUSIONS,  AND  RECOMMENDATION 

Further  research  is  required  for  relevant  wavelengths  from  1.4  to 
4.0  microns.  The  roll  of  the  endothelium  in  cornea  injury  and  repair 
must  be  evaluated  for  different  infrared  wavelengths  and  exposure  con- 
ditions. These  evaluations  should  be  made  for  doses  near  permissible 
exposure  limits.  The  effects  of  repetitive  pulses  for  far  infrared 
laser  wavelengths  need  to  be  investigated.  The  permissible  exposure 
limits  must  be  evaluated  with  respect  to  current  bioeffects  research. 
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23.  (U)  The  objective  is  to  provide  data  base  for  safety  documentation  of  gallium  ar- 
senide laser  training  (GaAs)  device  MILES  (Multiple  integrated  Laser  Engagement  System). 
TRADOC  plans  to  employ  several  thousand  MILES  devices  in  combat  training  exercises  with- 
in the  next  year. 

24.  (U)  By  utilizing  rhesus  monkeys,  we  will  determine  ocular  damage  thresholds  for  ne- 
odymium laser  pulse  trains  simulating  the  MILES  code  (approx.  3 kHz)  and  for  erbium 
laser  single  pulse  exposures,  evaluate  the  retinal  effects  of  a MILES  prototype  laser, 
and  evaluate  the  retinal  effects  of  a continuous  wave  GaAs  laser. 

25.  (U)  7610-7709  EDijg  doses  (TIE  for  pulse  train)  were  determined  for  neodymium  laser 
pulse  trains  ( a-1060  nm,  single  pulse  duration  = 180  nsec,  single  pulse  ED5g=137  Uj  TIE) 

PRF  Number  of  Pulses 

136  74  1000) 

0.1  kHz  150  270  ) TIE 

1.0  kHz  160  153  330  1200  10100  ) (microjoules) 

3.0  kHz  121  131  182  ) 

ED50  8oses  (TIE)  were  determined  for  Q-switch  Erbium  Laser  Exposures  0=850  nm,  pulse 
duration  = 180  nsec)  for  minimum  retinal  irradiance  diameter  (EDjg  = 12  u j ) and  for  400 
micron  retinal  irradiation  diameter  (ED50  = 138  uj).  Five,  ten,  thirty,  and  sixty  sec- 
ond exposures  were  made  with  the  prototype  MILES  laser  (GaAs,  X=905  nm,  single  pulse 
duration  = 110  nsec,  PRF  = 1.6  kHz,  average  power  = 260  microwatt.  Subtle  retinal  chan- 
ges were  noted  with  most  exposures.  Thirty  and  sixty  second  exposures  were  made  with  a I 
continuous  GaAlAs  laser  diode  (880  nm) . Retinal  burns  were  obtained  in  30  seconds  with  I 
270  millijoule  TIE.  / 
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The  following  investigations  have  been  conducted  under  this  Work  Unit: 
STUDY  NO.  1 Project  MILES 

STUDY  NO.  3 Electrophysiological  evaluations  of  retinal  functions 

STUDIES  NO.  1 and  3.  ED^  doses(total  intraocular  energy(TlE)  for  pulse 
train)  were  determined  for  neodymium  laser  pulse  trains  (X  * 1060  run, 
single  pulse  duration  - 180  nsec,  single  pulse  ED5q  ■ 137  pj  TIE) 

Pulse 

Repet  it  ion 
Frequency 


(PRF) 

Number 

of  Pulses 

> 

364  1000 

(energy  in  microjoules) 

0.1  kHz 

150 

270 

1.0  kHz 

160 

153 

330  1200  10100 

3.0  kHz 

121 

131 

182 

ED^q  doses  (TIE)  were  determined  for  Q-switch  erbium  laser  exposures 
(X  ■ 850  run,  pulse  duration  = 180  nsec)  for  minimum  retinal  irradiance 
diameter  (ED^_  - 13b  pJ).  Five,  10,  30,  and  60  second  exposures  were 
made  with  the  prototype  MILES  laser  (GaAs,  X - 905  run,  single  pulse 
duration  * 110  nsec,  PRF  = 1.6  kHz,  average  power  * 260  raW) . Subtle 
retinal  changes  were  noted  with  most  exposures.  Thirty  and  60  second 
exposures  were  made  with  a continuous  laser  diode  (850  nm) . Retinal 
burns  were  obtained  in  30  sec  with  270  mJ  TIE. 

A feasibility  pilot  study  was  conducted  in  support  of  Project  MILES 
(Multiple  Integrated  Laser  Engagement  System)  in  which  evoked  occipi- 
tal potentials  (EOP)  were  recorded  bilaterally  before  and  after  ex- 
posures to  a gallium  arsenide  (GaAs)  laser  diode  and  continuous  wave 
argon  laser.  Changes  in  the  EOP  waveform  were  observed  15  to  20  min 
after  2 h under  identical  experimental  procedures. 
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STUDY  NO.  01  Project  MI LES 

PROBLEM 

The  widespread  deployment  of  "eye-safe"  laser  training  devices  has 
been  in  progress  for  the  past  two  years.  The  laser  of  choice  for  this 
application  has  been  the  gallium  arsenide  diode  laser.  The  proposed 
laser  training  device  MILES  (Multiple  Integrated  Laser  Engagement  Sim- 
ulator) incorporates  a gallium  arsenide  laser  operating  in  a variety 
of  coded  pulse  repetition  rates.  The  intended  field  use  of  the  MILES 
system  requires  the  direct  intrabeam  irradiation  of  personnel.  TRADOC 
proposes  to  field  80,000  of  these  devices  for  training  of  friendly 
troops  within  one-and-a-half  years. 

The  prototype  MILES  laser  was  reviewed  by  the  US  Army  Environmental 
Hygiene  Agency  in  January  1976.  The  output  was  found  to  exceed  a safe 
level  to  the  eye  of  4.8  X 10  J per  pulse  obtained  by  multiplying  the 
single  pulse  safe  level  by  the  pulse  repetition  frequency  (PRF)  cor- 
rection factor  listed  in  TB  Med  279  for  100  Hz.  The  PRF  correction 
for  100  Hz  was  somewhat  arbitrarily  chosen  because  data  do. not  exist 
for  the  non-uniform  interpulse  spacing  of  the  gallium  arsenide  laser 
operating  in  the  code.  The  device  could  not  be  classified  as  safe  for 
intrabeam  viewing.  The  dilemma  presented  by  the  USAEHA  report  was 
that  while  safety  standards  pronounce  the  MILES  las>er  emission  levels 
hazardous,  available  research  results  did  not  support  this  finding. 
Further  research  was  required  to  clarify  the  effect  of  PRF  on  the  ocu- 
lar damage  threshold,  and  to  determine  the  ocular  hazard  of  the  GaAs 
laser  wavelength  (850  run  to  905  nm) . 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  retinas  of  rhesus  monkeys  were  subjected  to  irradiation  by  a pro- 
totype gallium  arsenide  (GaAs)  laser  training  device.  The  laser  wave- 
length was  905  nm.  The  laser  device  operated  at  1600  Hz  (pulse  repe- 
tition frequency  mode)  or  132  Hz  (pulse  code  mode)  with  nominal  peak 
pulse  power  on  one  watt  and  10  watts. 

Rhesus  monkeys  weighing  2 to  3 kg  were  used.  The  animals  were  anes- 
thetized and  the  ocular  pupils  dilated.  The  laser  beam  delivery  system 
allowed  continuous  fundus  camera  observation  of  the  retinal  irradiation 
site  during  exposure.  Dosimetry  was  accomplished  prior  to  animal 


exposure  by  measuring  the  power  passing  through  a 7 mm  aperture  at  the 
animal's  eye  position. 

In  each  eye,  a total  of  forty-eight  exposures  were  made  in  a grid 
pattern  for  exposure  durations  from  1 sec  to  90  sec. 

Evaluation  of  the  retinal  sites  were  made  by  funduscopic  observation, 
intravenous  flourescein  angiography,  retinal  flat  preparation,  and/or 
epon  imbedded  serial  sections  for  light  microscopy  (Trypan  blue,  azure 
II  staining) . These  analyses  were  carried  out  for  immediate,  1 h and 
24  h intervals  after  laser  exposure. 

Table  I lists  the  average  power  (Pav)  » peak  power  (P  peak) , and  pulse 
energy  (Q)  incident  upon  the  cornea  for  the  1 watt  PRF  mode,  the  10 
watt  PRF  mode,  and  the  10  watt  pulse  code  mode. 


TABLE  I 

Laser  Exposure  Data 
MILES  GaAs  Laser  - 905  nm 


Laser 

1 watt 

10  watt 

10  watt 

Mode 

PRF 

PRF 

Pulse  Code 

pav 

34  pW 

262  pW 

22  pW 

P peak 

0.18  watt 

1.5  watt 

1.5  watt 

Q 

0.212  erg/pulse 

1.64  erg/pul 

se  1.64  erg/pul 

These  ocular  exposures  did  not  produce  the  type  of  retinal  opacity 
which  is  typically  seen  by  funduscopy  after  laser  irradiation  of  the 
retina.  Exposures  in  the  30-sec  PRF  sequences  were  characterized  by 
the  development  of  a pale  gray  clouding  within  10  sec  after  initiation 
of  the  exposure  while  the  laser  continued  to  irradiate  the  retinal  site. 
At  the  end  of  the  30-sec  interval,  the  exposure  site  measured  approxi- 
mately 350  to  400  microns  and  was  darkened  at  the  periphery  with  central 
diffuse  clouding. 

The  incidence  of  observed  retinal  changes  at  various  exposure  levels  is 
summarized  in  Table  II. 
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TABLE  II 

Summary  of  Laser  Exposure  Data 


The  subtle  retinal  changes  are  persistent  (24  h after  exposure) . With 
the  exception  of  the  direct  observation  of  retinal  "clouding",  none  of 
the  techniques  (angiography,  flat  preparation,  serial  microscopy,  and 
fundus  photography)  routinely  used  to  determine  the  site  or  extent  of 
the  change  demonstrated  any  retinal  alteration. 

The  ocular  damage  threshold  was  determined  for  exposure  of  primate  re- 
tinae to  irradiation  by  a 850  nm  erbium  laser.  The  laser  produced  Q- 
switch  pulses  of  180  nsec  duration  in  the  TEJ^o  mode.  The  beam  diame- 
ter was  1.6  mm.  The  laser  beam  delivery  system  allowed  fundus  camera 
observation  of  the  exposure  site  immediately  before  and  after  irradi- 
ation. Dosimetry  was  accomplished  by  a beam  sampling  photo  diode 
calibrated  by  reference  to  a EGG  580  radiometer. 

Forty-eight  exposures  were  made  in  each  eye.  The  criterion  for  damage 
was  the  presence  of  an  ophthalmoscopically  visible  retinal  opacity  one 
hour  after  exposure.  Dose-response  data  were  processed  by  the  tech- 
nique of  probit  analysis  to  determine  the  ED  and  associated  95% 
confidence  limits. 

Dose  response  data  were  obtained  for  two  exposure  conditions.  Initial 
exposures  used  a laser  beam  divergence  of  0.7  mrad  producing  a minimal 


MILES  GaAs  Laser 

- 905  nm 

Exposure 

Number 

Number 

Lasers 

Mode 

Duration 

Exposures 

Changes  l 

1 watt 

PRF 

90  sec 

2 

2 

60  sec 

7 

6 

30  sec 

109 

67 

10  sec 

25 

18 

5 sec 

7 

5 

1 sec 

10 

0 

1 watt 

Pulse  Code 

30  sec 

14 

0 

10  watt 

PRF 

30  sec 

19 

11 

10  watt 

Pulse  code 

30  sec 

5 

5 
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retinal  irradiation  diameter,  After  an  ED^  ltad  been  obtained  for  this 
condition,  a +9  diopter  lens  was  introducea^into  the  beam  to  produce  a 
26.8  mrad  beam  divergence  resulting  in  a 400  micron  retinul  irradia- 
tion diameter.  The  results  of  the  850  run  erbicir.  laser  exposures  are 
.abulated  in  Table  III. 


TABLE  III 

Summary  of  Laser  Exposure  Data 


Q-Switch  Erbium  Laser  - 850  nm 


Retinal  irrad lance 

ed50 

95X  confidence  limit 

diameter 

(w) 

0‘J) 

Minimum  spot 

12 

9.5  - 15.1 

\ 

400  micron 

138 

119-161 

Retinal  exposures  in  rhesus  monkey  were  performed  with  a continuous 
wave  GaAlAs  laser  at  a wavelength  of  850  nm.  A 5.5  mm  focal  lens  col- 
limated the  emission  from  th*’  laser  diode  to  produce  a beam  capable  of 
delivering  into  the  eye  10  mW  continuous  power.  Measurements  of  the 
farfield  pattern  determined  the  beam  divergence  to  be  0.6  mrad  by  4.8 
mrad.  The  projected  retinal  spot  size  for  a 15  mm  focal  length  eye 
was  9 microns  by  72  microns.  Retinal  opacities  were  produced  by  30-sec 
exposures.  It  thus  appears  that  this  laser  can  be  used  to  measure  a 
damage  threshold  (ED,^)  although  this  has  not  yet  been  accomplished. 

Ocular  damage  thresholds  were  determined  for  exposure  to  pulse  trains 
from  a repetitively  pulsed  neodymium  laser.  Thtse  measurements  were 
designed  to  determine  the  additivity  of  the  effectiveness  of  pulses 
as  a function  of  pulse  number  and  pulse  separation.  Pulses  exhibit 
total  additivity  if  the  ED,  dose  for  the  pulse  train  is  independent 
of  the  number  of  pulses  in  that  train. 

Tht  laser  used  was  a continuously  pumped  acousto-optic  Q-switched 
NdrYAG  laser  operating  in  the  TEMoo  mode  at  1060  nm.  Within  the  pulse 
repetition  frequency  range  used  in  these  experiments,  the  pulse  dura- 
tion was  180  nsec  FWHM.  In  all  cases,  the  laser  was  pulsed  continuously 
at  the  desired  frequency  and  an  external  shutter  was  used  to  pass  the 
desired  number  of  pulses.  The  laser  beam  at  the  eye  was  2 mm  in  dia- 
meter and  collimated  to  produce  a minimum  retinal  irradiation  area. 

Rhesus  monkeys  were  used.  Forty-eight  exposures  were  made  in  the  re- 
tina of  each  eye.  The  criterion  for  damage  was  the  presence  of  an 
ophthalmoseopically  visible  lesion  1 h post-exposure.  Dose-response 
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data  were  processed  by  probit  analysis  to  determine  the  ED  and  asso- 
ciated 95%  confidence  limits.  Table  IV  is  a summary  of  theuresults  of 
this  study. 

TABLE  IV 

Laser  Exposure  Data 

Neodymium  Laser  Pulse  Trains 
1060  run 


Number  of  Pulses 

1 2 3 6 74  1000 

137.5  75.1  89.8 

80.1  51  55  16.4  10.1 

60.6  43.6  30.4 


These  data  show  a high  degree  of  additivity  for  two  pulses,  with  the 
additivity  being  greater  for  shorter  interpulse  spacing.  The  degree 
of  additivity  lessens  for  pulses  after  the  second.  If  the  data  for 
1000  Hz  are  plotted  as  total  pulse  train  or  energy  vs  total  exposure 
duration  on  Log-Log  paper,  the  slope  of  the  resulting  line  is  nearly 
identical  to  the  slope  of  existing  continuous  wave  (cw)  neodymium  ED^ 
data.  This  is  at  variance  with  the  guidance  of  TB  Med  279  which 
assumes  a different  time  dependency  of  the  safe  level  for  the  two  ex- 
posure conditions.  This  variance  encouraged  the  investigators  to  per- 
form a literature  search  for  all  existing  pulse  train  exposure  data. 
Examination  of  these  data,  for  pulse  durations  from  10  nsec  to  1 msec 
and  pulse  repetition  frequencies  from  1 Hz  to  10000  Hz  reveal  a con- 
sistent relationship  between  pulse  train  data  and  equivalent  continu- 
ous wave  data  which  is  dependent  uion  pulse  duration  and  pulse  repe- 
tition frequency.  This  relationship  is  not  adequately  modeled  by  the 
procedures  of  TB  Med  279.  The  investigators  (D.  Lund  and  B.  Stuck) 
are  preparing  a document  which  delineates  the  relationship  between 
pulse  train  ED5Q  data  and  cw  laser  ED5Q  data  and  recommends  a modified 
procedure  for  computation  of  the  maximum  permissible  exposure  level 
for  laser  pulse  trains. 

CONCLUSIONS 

The  prototype  MILES  GaAs  laser  device  is  capable  of  producing  retinal 
alterations.  These  alterations  are  not  like  the  lesions  typically 


Pulse  Repetition 
Frequency 


100  Hz  ED50(pJ) 
1000  Hz  ED5q(hJ) 
3000  Hz  ED50(vJ) 
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seen  as  a result  of  laser  exposure.  Their  nature  and  significance  is 
not  yet  understood. 

The  procedures  of  TB  Med  279  for  calculation  of  the  maximum  per- 
missible exposure  to  laser  pulse  trains  does  not  accurately  model 
existing  damage  threshold  data.  Recommendations  for  modification  of 
these  procedures  will  be  formally  submitted. 

RECOMMENDATIONS 


Further  studies  are  needed  with  the  pulsed  GaAs  diode  to  determine 
the  nature  and  significance  of  the  retinal  alteration  observed.  The 
ocular  damage  threshold  should  be  determined  for  the  cw  GaAs  laser. 

More  data  are  required  on  the  ocular  hazard  of  pulse  trains  at  a varie- 
ty of  pulse  durations,  pulse  repetition  rates  and  wavelength.  Especi- 
ally essential  are  data  for  pulse  durations  of  1 to  10  psec.  Pulse 
durations  in  this  time  domain  appear  to  be  more  hazardous  than  either 
longer  or  shorter  pulse  durations. 
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Studies  in  Laser  Bioeffects 

Electrophysiological  evaluations 
of  retinal  functions 


The  retinal  appearance  following  laser  irradiation  has  been  well  docu- 
mented. What  has  remained  difficult  to  ascertain,  however,  is  the 
effect  upon  vision  following  low  level  (below  the  threshold  for  an  op- 
thalmoscopically  visible  lesion)  laser  exposures  at  wavelengths  currently 
being  used  in  the  field.  Gallium  arsenide  (GaAs)  lasers  which  operate 
at  850  nm  have  previously  been  considered  "eye-safe"  systems.  However, 
recent  findings  of  this  laboratory  have  indicated  a subtle  change  in 
the  appearance  of  the  retina  following  exposure  to  this  laser. 

The  purpose  of  the  feasibility  pilot  study  was  to  evaluate  further  the 
observed  changes  in  the  retina  with  changes  in  the  electrophysiological 
characteristics  of  the  visual  system  following  exposure  to  a prototype 
GaAs  diode  which  may  be  incorporated  into  the  Project  MILES  system. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

The  integrity  of  the  visual  system  can  be  inferred  in  four  ways.  Oph- 
thalmoscopic techniques  in  which  changes  are  seen  but  their  significance 
is  not  directly  apparent.  Behavioral  techniques  in  which  the  animal  is 
required  to  perform  certain  vision-related  tasks  but  generally  will  not 
allow  a quick  response  to  the  question  of  whether  the  animal  can  "see." 

The  training  is  long  and  costly.  Electroretinography  (ERG)  in  which 
the  integrity  of  the  retina  as  a whole  is  evaluated  is  a good  quick  tech- 
nique. However,  the  plethora  of  retinal  elements  unaffected  by  the  laser 
exposure  tends  to  mask  the  effects  of  a small  sized  retinal  change.  The 
evoked  occipital  potential  (EOP) , which  has  not  been  widely  used  to  deter- 
mine retinal  dysfunction,  may  yield  clues  as  to  changes  in  the  visual 
system  following  retinal  exposures. 


In  the  present  study,  one  animal  pre-anaesthesized  with  ketamine  and 
maintained  under  pancuronium  -Br,  was  presented  with  a large  image  of 
a grating.  The  grating  was  inserted  into  the  optics  of  a Ziess  fundus 
camera  and  projected  onto  the  retina  of  the  dilated  eye.  In  the  first 
run,  EOPs  were  recorded  from  each  occipital  lobe  when  alternately,  the 
left,  right,  left  and  right  eyes  were  stimulated.  An  exposure  to  the 
right  eye  of  7.4X10“^J  of  total  intraocular  energy  (TIE)  for  a 16  msec 
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argon  laser  pulse  (514.5  nm)  was  made  and  several  thousand  evoked  po- 
tentials were  then  obtained.  The  averaged  (N-64)  potentials  showed  no 
immediate  change  from  its  pre-exposure  amplitudes  or  latencies.  Changes 
in  the  shape  of  the  EOP  were  observed  15  to  20  min  post  exposure  in  the 
contralateral  cortex.  None  were  seen  ipsilaterally , nor  were  any  re- 
tinal changes  observed  during  this  period.  The  changes  persisted  until 
the  end  of  the  run  (2  h) . 


Examination  of  the  right  eye  one  week  later  showed  a small  (500p)  ir- 
regular lesion  superior  and  nasal  to  the  fovea  in  the  macula.  Follow- 
ing the  same  format  as  above,  the  left  eye  was  then  exposed  to  GaAs 
radiation  for  60  sec.  Average  intraocular  power  was  260  mW  with  pulse 
repetition  rate  of  1600  Hz.  As  before,  waveform  changes  were  seen 
after  approximately  20  min  post  exposure,  however,  this  time  they  oc- 
curred bilaterally.  Examination  showed  no  visible  retinal  changes. 

A follow-up  sham  study  in  which  the  EOP  was  obtained  bilaterally, 
showed  no  waveform  changes  after  2 h of  grating  presentation. 

The  meaning  and  implications  of  the  observed  changes  in  terms  of  the 
visual  system  are  difficult  to  determine  at  this  time.  The  appearance 
of  waveform  alterations  in  the  contralateral  cortex,  together  with  bi- 
lateral changes  during  the  second  run,  indicate  that  we  have  a possi- 
ble extremely  sensitive  tool  to  investigate  suspected  retinal  dysfunc- 
tion due  to  laser  irradiation. 

CONCLUSIONS 

An  apparently  very  sensitive,  relatively  easy  technique  has  been  util- 
ized to  determine  changes  in  a small  retinal  area  induced  by  laser 
radiat ion. 

RECOMMENDATIONS 


After  thresholds  have  been  obtained  for  some  visible,  and  near  IR  EOP 
changes,  we  will  be  able  to  evaluate  quickly  functional  disturbances 
of  the  visual  system.  Correlative  studies,  utilizing  animal  behavior, 
ERG,  and  EOP  should  be  conducted  so  that  a more  direct  relationship 
can  he  established  between  EOP  waveform  changes  and  actual  vision 
changes. 
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23.  (U)  The  objectives  are  to  determine  the  effects  on  vision  of  repetitive  low  level 
laser  radiation  at  and  below  "safe"  exposure  levels,  and  to  provide  these  data  with  re- 
commendations to  USAEHA  for  further  refinement  of  Army  Safety  Standards,  the  PARCOM, 
developer  and  Army  user  for  consideration  in  development  of  laser  systems. 

24.  (II)  Behavioral  and  neurophysiological  techniques,  adapted  for  rhesus,  are  used  for 
visual  testing.  Temporary  and/or  permanent  effects  correlated  with  morphological  chan- 
ges most  realistically  represent  the  actual  hazards  of  laser  radiation.  These  measures 
provide  the  data  base  for  safety  standards  revision. 

25.  (U)  7610-7709.  Sensory  detection  of  far  10.6  micron  laser  radiation  hv  the  skin 
was  demonstrated  at  irradiance  near  10  mw/cm-'  for  a beam  diameter  of  16  mm  and  20  set- 
exposure.  This  irradiance  is  10  times  below  the  maximum  permissible  exposure  for  these 
exposure  conditions.  For  repeated  exposures  at  and  below  the  maximum  permissible  ex- 
posure of  100  mw/cm"  (for  1200  exposures  of  20  sec  duration)  no  direct  ocular  tissue 
alteration  has  been  observed  by  slit  lamp  examination.  In  repeated  exposures  to  argon 
laser  radiation,  visual  acuity,  and  spectral  sensitivity  were  permanently  altered  fol- 
lowing successive  intermittent  2-hour  exposure  periods  totaling  38  hours.  The  average 
irradiance  on  the  diffuser  was  25  Pw/cm" . This  irradiance  is  more  than  100  times  be- 
low "safe"  levels  for  viewing  of  a diffuse  extended  source.  Retinal  function  has  been 
evaluated  following  laser  irradiation  by  utilizing  the  evoked  occipital  potentials  of 
the  rhesus.  Changes  in  both  the  amplitude  and  latencies  of  these  waveforms  have  been 
observed  after  a single  argon  laser  exposure  of  7.4  millljoules  for  a spot  size  of  500u 
(16  milliseconds) 
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ABSTRACT 

PROJECT  NO.  3E7672772A813  Health  Effects  of  Military  Lasers 

WORK  UNIT  NO.  025  Biological  Investigations  in  Predic- 

tion and  Protection  Against  Coherent 
Radiation 

The  following  investigations  have  been  conducted  under  this  Work  Unit: 

STUDY  NO.  1 Effects  of  laser  irradiation  on  visual  function 

STUDY  NO.  2 Detection  of  heat  at  the  cornea  by  rhesus  monkeys 

In  repeated  exposures  to  argon  laser  radiation,  visual  acuity,  and 
spectral  sensitivity  were  permanently  altered  following  successive 
intermittent  2 h exposure  periods  totaling  38  h.  The  average  irra- 
diance  on  the  diffuser  was  25pW/cm  . This  irradiance  is  more  than 
300  times  below  "safe"  levels  for  viewing  of  a visible  extended  source. 
Retinal  function  has  been  evaluated  following  laser  irradiation  by 
utilizing  the  evoked  occipital  potentials  of  the  rhesus.  Changes  in 
both  the  amplitude  and  latencies  of  these  waveforms  have  been  observed 
after  a single  argon  laser  exposure  of  7.4  mJ  for  a spot  size  of  500p 
(16  msec) . Present  ongoing  research  has  shown  that  laser  light  is 
different  from  other  types  of  light  when  equated  for  wavelength  and 
irradiance.  The  effects  appear  to  be  due  to  coherency  and  bandwidth. 

Sensory  detection  of  far  infrared  10.6  micron  laser  radiation  by  the 
skin  was  demonstrated  at  irradiance  near  10  mW/cm^  for  a beam  diameter 
of  16  mm  and  20  sec  exposure.  This  irradiance  is  10  times  below  the 
maximum  permissible  exposure  for  these  exposure  conditions.  For  re- 
peated exposures  at  and  below  the  maximum  permissible  exposure  of 
100  mW/cin  (for  1200  exposures  of  20  sec  duration)  no  direct  ocular 
tissue  alteration  has  been  observed  by  slit  lamp  examination. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  025 


Biological  Investigations  in  Predic- 
tion and  Protection  Against  Coherent 
Radiation 


STUDY  NO.  1 


Effects  of  laser  irradiation  on  visual 
function 


PROBLEM 

Present  laser  safety  standards  are  based  primarily  on  gross  morpho- 
logical criteria.  Changes  in  vision,  the  process  of  "seeing"  asso- 
ciated with  laser  radiation  have  not  been  incorporated  into  these 
standards.  The  purpose  of  this  research  is  to  provide  data  on  such 
changes,  correlation  of  such  changes  with  morphological  criteria,  and 
thereby  to  provide  future  laser  safety  standards  based  on  functional 
as  well  as  morphological  criteria. 

RESULTS  AND  DISCUSSION 

Low  level  exposure  to  514  nm  radiation  has  produced  a permanent  change 
in  the  spectral  sensitivity  of  the  rhesus.  The  level  used  in  this  ex- 
periment was  300  times  below  the  current  safe  level  for  visible  extend- 
ed source  criteria.  Furthermore,  this  effect  was  not  immediate  but 
dependent  upon  repetition,  so  that  only  after  18  h of  cumulative  ex- 
posure did  the  first  evidence  of  alteration  occur.  Post-exposure 
measurements,  continuing  for  seven  months,  revealed  permanent  suppres- 
sion of  photopic  spectral  sensitivity.  Little  change  in  scotopic  sen- 
sitivity occurred,  which  indicates  that  the  effect  as  measured  is  a 
dominantly  cone  function.  Evidence  of  scotopic  enhancement  however, 
was  obtained  during  the  latter  hours  of  exposure,  so  that  the  suppres- 
sion of  cone  activity  observed  may  affect  scotopic  vision  by  altering 
normal  photopic-scotopic  neural  interaction  processes. 

Because  the  levels  of  514  nm  light  used  in  this  experiment  were  much 
lower  than  other  experiments  performed,  an  experiment  was  set  up  to 
compare  directly  the  effects  of  laser  and  non-laser  light  of  equal  en- 
ergy and  wavelength.  These  experiments  are  presently  in  progress  but 
early  data  have  definitely  demonstrated  that  laser  light  is  far  more 
effective  in  producing  changes  in  electroretinographic(ERG)  spectral 
sensitivity  that  are  permanent  and  reflect  photoreceptor  system  alter- 
ation. Preliminary  investigations  suggest  that  both  the  bandwidth  and 
possibly  the  coherency  of  laser  light  are  responsible  for  these  low 
level  laser  effects  on  visual  function. 


Low  level  effects  of  near  infra-red  gallium  arsenide  prototype  laser 
training  device  was  evaluated  for  its  effect  on  ERG  spectral  sensitivi- 
ty. Changes  in  spectral  sensitivity  of  a relatively  permanent  nature 
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were  obtained.  These  effects  are  currently  being  followed  up  by  us- 
ing evoked  cortical  potential  techniques.  Correlation  of  these 
changes  with  low  level  gallium  arsenide  retinal  "clouding"  changes 
is  being  pursued. 

The  problem  of  multiline  visible  laser  devices  and  presently  availa- 
ble methodology  for  protection  from  such  devices  was  considered  re- 
garding the  copper  vapor  laser.  To  protect  the  eye  adequately  from 
such  a device,  a considerable  temporary  reduction  in  visual  sensi- 
tivity is  necessary.  The  effects  of  such  devices  on  visual  function 
required  for  many  military  tasks  are  serious  and  serious  considera- 
tion of  this  protection  problem  is  warranted. 

Development  of  a task  to  measure  both  static  and  dynamic  acuity  in 
the  rhesus  monkey  was  completed.  This  task  makes  it  possible  to  mea- 
sure the  spectral  sensitivity  for  acuity  criteria  for  both  the  peri- 
pheral and  central  retina  with  the  use  of  Landolt  ring  acuity  crite- 
ria. Two  animals  are  presently  trained  and  will  shortly  be  exposed 
to  514  nm  low  level  laser  radiation. 

CONCLUSIONS. 

Data  from  functional  criteria  indicate  that  permanent  changes  in 
these  measures  can  occur  at  levels  many  times  below  those  of  gross 
morphological  criteria.  Such  changes  seem  to  be  correlated  with  ul- 
trastructural  changes  in  photoreceptors.  Laser  light  effects  on  visu- 
al function  are  far  more  potent  than  that  of  ordinary  incoherent  light. 
Protection  problems  will  become  extremely  serious  as  multiline  visible 
laser  sources  proliferate. 

RECOMMENDATIONS 

1.  Data  base  for  low  level  light  effects  should  be  extended.  Four 
new  animals  are  being  trained,  two  of  which  can  be  studied  for  dynamic 
as  well  as  static  acuity  functions.  Direct  electronmicroscropic/  psy- 
chophysical correlation  study  should  be  conducted. 

2.  Continuation  and  expansion  of  studies  should  be  designed  to  dif- 
ferentiate effects  from  coherent  light  and  non-laser  light.  These 
studies  are  essential  as  more  and  more  interest  in  comparison  of  laser 
and  non-laser  light  standards  grows. 

3.  Protection  problem  should  be  attacked  vigorously,  especially  with 
respect  to  multiline  lasers.  New  materials  and/or  biological  methods 
of  protection  need  to  be  explored. 
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WORK  UNIT  NO.  025 


STUDY  NO.  02 


Biological  Investigations  in  Prediction 
and  Protection  Against  Coherent  Radia- 
tion 

Detection  of  heat  at  the  cornea  by 
rhesus  monkeys 


PROBLEM 


The  carbon  dioxide  (CO  ) laser  radiation  which  operates  in  the  far 
infrared  (IR)  portion  2f  the  electromagnetic  spectrum  is  increasingly 
being  employed  in  field  tactical  situations.  The  possibility  exists 
that  while  a single,  short  exposure  to  10.6  microns  at  or  below  the 
"safe”  level  may  not  result  in  tissue  changes,  exposure  for  many  doses 
over  a long  period  of  time,  may  be  cumulative. 

The  purpose  of  this  research  was  to  determine  the  long-term  effects 
of  C09  laser  radiation  upon  the  behavior  of  trained  rhesus  monkeys. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


In  this  study,  two  animals  were  trained  by  a modification  of  the  con- 
ditioned response  suppression  technique.  The  major  findings  of  this 
study  are  stated  in  following  paragraphs. 


The  cornea  as  an  organ  for  detecting  the  presence  of  CO2  radiation 
at  10.6  microns  is  relatively  insensitive  when  compared  to  the  lids 
and  surrounding  ocular  tissues.  At  the  highest  energy  levels  used  in 
the  present  study  (200  mW/cm^)  which  was  twice  the  "safe"  level  as 
promulgated  by  TB  Med  279,  doubtful  positive  responses  were  obtained 
when  a 4 mm  diameter  beam  was  directed  to  the  cornea.  In  those  in- 
stances where  positive  responses  were  recorded  to  corneal  stimulation, 
they  occurred  12  to  15  sec  after  the  onset  of  the  stimulus.  Two  con- 
founding factors  were  hypothesized.  First,  the  cornea  of  the  rhesus 
(as  is  the  human)  is  covered  by  a tear  layer.  Exposure  of  the  cornea 
to  temperature  elevations  of  approximately  5C  produced  by  an  irradi- 
ance  of  200  mW/cm^  results  in  accelerated  evaporation  of  the  tear  film, 
and  consequently,  a slight  drying  of  the  corneal  epithelium.  This 
drying  action,  when  observed  in  humans,  results  in  local  irratation 
due  to  stimulation  of  free  nerve  endings  in  the  corneal  epithelium, 
which  then  triggers  the  blink  reflex.  At  200  mW/cm^,  the  irradiance 
is  quickly  detected  at  the  lids.  To  test  this  hypothesis,  the  eye  of 
an  anesthetized  rhesus  monkey  was  observed  under  slit-lamp  illumina- 
tion. When  the  cornea  was  exposed  to  room  temperature,  little  or  no 
breakup  of  the  tear  film  was  observed  until  35  to  40  seconds  had  e- 
lapsed . However,  when  the  animal  was  subjected  to  an  irradiance  of 
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200  mW/cm  for  a 20  sec  period,  the  tear  film  was  seen  to  breakup 
within  10  to  15  sec  after  the  onset  of  the  exposure.  A second  ex- 
planation of  the  observed  corneal  responses  to  radiation  Is  that  the 
general  gross  eye  movements  of  the  awake,  head-restrained  animal  could 
result  in  exposure  of  a different  area  of  the  anterior  surface  of  the 
eye  (l.e.,  the  scleral  or  conjunctival  tissue)  which  may  be  more  sen- 
sitive to  increases  in  temperature  than  the  cornea. 


1 
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Rhesus  monkeys  responded  to  CC>2  irradiance  levels  at  the  surface 
of  skin  ten  times  lower  than  the  previously  established  "safe"  levels 
as  promulated  by  TB  Med  279  and  other  laser  safety  standard  publica- 
tions. This  finding,  together  with  a substantial  agreement  of  rhesus 
and  human  exposure  data,  indicated  that  the  presence  of  low  intensity 
radiation  at  10.6  unit  could  be  sensed.  The  importance  of  this  find- 
ing lies  in  the  potential  use  of  CO.,  lasers  as  tracking,  designating 
or  homing  devices  during  the  turget  acquisition,  identification  and 
firing  phases  of  a battlefield  engagement.  Since  it  is  to  be  expected 
that  the  beam  diameter  of  CO  lasers  used  in  the  above  contest  will 
exceed  one  square  meter,  it  Is  conceivable  that  the  sensation  of  a 
sudden  "warming"  of  tissues  could  result  in  the  abortion  or  delay  of 
a mission-related  task. 


finding  from  a "safety"  aspect  of  this  previous  study 
many  hundreds  of  20-second  exposures  at  200  mW/cm^  ir- 

in  the  corneas  of  either 


An  important 
was  that  after 

radiances,  no  changes  have  been  observed  in  the  corneas 
animal  when  slit-lamp  examinations  were  performed.  This  irradiance 
level  represents  twice  the  "safe"  viewing  level.  To  support  this 
observation  further,  two  untrained  rhesus  monkeys  were  exposed  to  one 
20-second  and  three  20-second  exposures  respectively.  The  animals 
were  then  immediately  sacrificed  and  excised  corneas  stained  with  Try- 
pan blue  and  examined  microscopically.  The  tissues  appeared  normal  in 
each  case. 


An  animal  behavioral  training  technique  was  developed  in  which  the 
rhesus  not  only  was  able  to  signiiy  the  presence  or  absence  of  00., 
laser  radiation,  but  reasonable  accurate  relationships  between  response 
time,  irradiance,  and  a real  stimulation  were  obtained.  The  inter- 
actions of  these  variables  on  the  skin  agreed  closely  with  those  found 
in  humans  when  near  Infrared  "heat  lamps"  were  used  as  stimuli. 

Data  from  the  earlier  study  have  proven  extremely  useful  thus  far  in 
evaluating  the  behavior  of  C0-,  laser  irradiated  rhesus  monkeys.  The 
emphasis  of  the  research  up  to  this  time  lias  been  directed  both  toward 
describing  the  minimum  detectable  irradiance  variables  and  upon  per- 
fecting behavioral  techniques. 

CONCLUSIONS 

We  have  demount  rat ed  that  rhesus  monkeys  can  be  trained  to  detect  CO, 
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laser  radiation  and,  at  the  levels  used,  no  significant  tissue  effects 
were  observed. 

RECOMMENDATIONS 

Recent  information  corcerning  the  impending  uses  of  CO2  radiation  now 
requires  an  evaluation  of  both  the  long  and  short-term  effects  of 
laser  exposures  at  increments  above  the  safe  levels.  To  this  end, 
data  are  needed  on  the  functional  effects  of  exposures  above  the  EDjq 
irradiance  levels.  Corneal  epithelial  tissue  is  particularly  vul- 
nerable to  CO2  radiation.  At  these  higher  levels,  it  is  hypothesized 
that  epithelial  tissues  will  become  edematous  following  laser  ex- 
posure. As  the  cornea  swells,  visual  acuity  will  suffer.  By  re- 
training the  two  rhesus  monkeys  used  in  the  earlier  study  to  detect 
the  gap  in  a medium  contrast  landolt  acuity  "C" , variations  in  visual 
acuity  can  be  measured  as  a function  of  corneal  involvement  at  each 
irradiance  level.  Concomitant  slit  lamp  and  specular  microscopy,  to- 
gether with  keratometry  and  pachopmetry  should  be  correlated  with  dose 
level  and  visual  acuity  changes.  With  this  knowledge,  protective  and / 
or  treatment  techniques  may  be  developed. 
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23.  (O'  Glucose  levels  of  128.7  mM  In  citrate  phosphate  dextrose  (CPD)  adenine  will 
not  maintain  adenosine  triphosphate  (ATP)  at  levels  greater  than  2.0  uM/gHb  in  90% 
packed  erythrocytes  (RBC)  for  35  days  of  storage  at  4 C.  By  increasing  the  glucose  to 
257.4  mM  in  CPD  adenine,  ATP  was  maintained  at  greater  than  2.0  pM/gHb  for  5 weeks.  It 
is  important  to  determine  if  a smaller  concentration  of  glucose,  i.e.,  193.1  mM 

(1.5  times  normal)  or  less  in  CPD,  supplemented  with  2.05  mM  adenine  will  have  suffi- 
cient glucose  for  maintenance  of  ATP  at  greater  than  2.0  uM/gHb  after  35  days  of  stor- 
age. This  work  is  important  to  the  Army's  continuing  effort  to  extend  the  shelf-life 
of  stored  blood. 

24.  (U)  The  levels  of  glucose,  ATP,  2,3-diphosphoglycerate,  and  pH  will  be  determined 
in  blood  stored  in  the  CPD. 

25.  (U)  7b  10  - 77  09  A 42-day  blood  storage  experiment  employing  two  hematocrit  levels 
(40%,  80%)  three  anticoagulant  adenine  levels  (1.48,  2.05,  3.03  mM) , and  three  anti- 
coagulant glucose  levels  (160.9,  193.1,  225.2  mM)  lias  been  completed.  Analysis  of 
these  aata  suggests  further  experimentation  is  necessary  to  pin-point  the  optimal  anti- 
coagu’ant  glucose/adenine  levels  for  35-day  storage  of  whole  blood  (Hct=40%)  and  red 
cell  concentrates  (Hct*80%) . 
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ABSTRACT 


3S762772A814  Military  Trauma  and  Resuscitation 

001  In  Vitro  Metabolism  of  RBCs  Stored 

in  CPD  with  193. ImM  Glucose  and  2.05mM 
Adenine 

The  following  investigations  have  been  conducted  under  this  Work  Unit: 

STUDY  NO.  1 In  vitro  metabolism  of  packed  erythrocytes  stored 
at  various  glucose  concentrations  in  CPD-adenine 

To  determine  more  precisely  the  optimum  amount  of  adenine  and  glucose 
necessary  to  allow  maintenance  of  adenosine  triphosphate  (ATP)  at 
greater  than  2 pm/gra  Hb  following  35  days  of  4 C storage,  studies 
have  been  completed  in  which  the  blood  storage  bags  containing  citrate- 
phosphate-dextrose  (CPD)  supplemented  with  160.9,  193.1,  or  225.2  mM 
glucose  and  3 levels  of  adenine:  1.49  mM,  2.05  mM,  or  3.03  mM.  A 
minimum  of  225.2  mM  glucose  and  3.03  mM  must  be  present  in  CPD  to  insure 
that  greater  than  95%  of  packed  cell  units  (Hct  80)  will  exhibit  ATP 
levels  greater  than  2 pm/gm  Hb  following  35  days  of  storage. 
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WORK  UNIT  NO.  001  In  Vitro  Metabolism  of  RBCs  Stored 

In  CPI)  with  193.  ImM  Glucose  and  2.05mM 
Adenine 

STUDY  NO.  1 In  vitro  metabolism  of  packed  erythro- 

cytes stored  at  various  glucose  con- 
centrations in  CPD-adenine 

PROBLEM 

Prolongation  of  blood  storage  capabilities  beyond  the  current  limit  of 
21  days  would  significantly  enhance  medical  care  of  wounded  soldiers. 
Citrate-phosphate-dextrose  (CPD)  has  been  established  as  a usetul  anti- 
coagulant for  liquid  blood  storage  up  to  21  days  and,  with  adenine 
supplementation,  CPD  will  permit  storage  of  red  blood  cells  for  35  days. 
European  formulas  for  CPD-adenine  have  contained  4.10  mM  adenine. 

Since  adenine  may  cause  renal  toxicity,  it  is  desirable  to  develop  a 
formula  for  CPD  which  would  contain  the  least  amount  of  adenine  that 
will  allow  storage  in  the  liquid  state  for  35  days.  Studies  of  packed 
cells  stored  in  CPD-adenine  have  indicated  that  glucose  in  excess  of 
that  in  standard  CPD  (128.7  mM)  may  be  necessary  for  adequate  main- 
tenance of  erythrocyte  ATP  (>2  pm/gm  Hb)  through  35  days'  storage. 

Thus,  a systematic  search  for  the  optimal  glucose  and  adenine  content 
of  CPD  preservative  is  necessary. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

A systematic  study  of  packed  cells  (Hct  80)  stored  for  35  days  (4  C) 
in  CPD  preservative  with  3 glucose  levels  (160.9,  193.1,  225.2  mM) , 
each  at  3 adenine  levels  (1.47,  2.05,  3.03  mM) , has  been  completed. 
Erythrocyte  ATP  levels  are  shown  in  Table  I.  The  right-hand  column 
in  Table  I represents  estimates  of  the  percentage  of  packed  cell  units 
which  would  exhibit  red  cell  ATP  of  greater  than  2 pm/gm  Hb  following 
35  days  storage.  It  can  be  seen  that  only  in  CPD  containing  225.2  mM 
glucose  and  3.03  mM  adenine  would  one  expect  greater  than  95%  of  such 
packed  cell  units  to  have  red  cell  ATP  levels  in  excess  of  2 pm/g  Hb . 

The  results  of  this  study  were  presented  and  discussed  at  a recent 
meeting  at  the  Bureau  of  Biologies  (FDA)  of  military,  civilian,  and 
industry  researchers  interested  in  developing  improved  blood  preser- 
vatives (see  Annual  Report,  FY  77,  Work  Unit  No.  004).  It  was  the  con- 
census of  that  group  that  42-day  storage  studies  of  improved  CPD  ade- 
nine preservatives  should  be  initiated  with  the  use  of  CPD  containing 
225.2-257.4  mM  glucose  and  4.10  mM  adenine. 
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TABLE  I 


Red  Cell  ATP  in  Packed  Cells  Following  35  Days  Storage 


Anticoagulant 

Glucose 

(mM) 

Content 

Adenine 

(mM) 

n 

ATP  (1SD) 
(pm/gm  Hb) 

Estimated^  % age  of  PC^ 
Units  With  ATP  >2  pm/gm  Hb 

1.47 

3 

2.2910.47 

70 

160.9 

2.05 

3 

2.0810.22 

60 

3.03 

3 

2.6410.75 

75 

1.47 

2 

1.7210.06 

10 

193.1 

2.05 

3 

2.4110.24 

88 

3.03 

3 

1.4810.56 

75 

1.47 

3 

2.2310.19 

85 

225.2 

2.05 

3 

2.9310.44 

90 

3.03 

3 

3.0710.34 

95 

^Estimation  based  on  percentiles  of  the  Student's  t -distribut ion  for 

n,  X\,ril  and  SDA„„  in  adjacent  column 
ATP  ATP 

++PC  = packed  red  cells  (Hct  80) 


CONCLUSIONS 

A minimum  of  225.2  mM  glucose  and  3.03  mM  adenine  must  be  present  in 
CPD  anticoagulant-preservative  to  ensure  that  greater  than  95%  of 
packed  cell  units  (Hct  80)  exhibit  erythrocyte  ATP  levels  of  greater 
than  2 pm/gm  Hb. 

RECOMMENDATIONS 

In  vitro  experimentation  with  CPD-adenine  ant icoagulant-preservat ives 
should  be  performed  by  using  glucose  equal  to  or  in  excess  of  225.2  mM 
and  adenine  up  to  4.10  mM.  Effects  of  these  modifications  of  CPD  should 
be  studied  on  whole  blood  and  packed  red  cells  stored  for  42  days  and 
on  platelets  stored  for  72  hours  at  22  C. 

PUBLICATIONS 

None 
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ABSTRACT 


PROJECT  NO. 
WORK  UNIT  NO. 


3S762772A814 

002 


Military  Trauma  and  Resuscitation 


In  Vitro  Metabolism  of  G6PD  Deficient 
Erythrocytes  Stored  in  CPD  Adenine 
Anticoagulant 


The  following  investigations  have  been  conducted  under  this  Work  Unit: 


STUDY  NO.  2 


Measurement  of  some  intermediate  metabolites  and 
enzyme  activity  of  G6PD  deficient  erythrocytes 
stored  in  CPD,  CPD-adenine,  CPD  ascorbate,  and 
CPD  adenine  ascorbate  anticoagulant  media  when 
compared  to  normal,  nondeficient  erythrocytes 
stored  in  the  same  media 


Experimental  work  completed  in  this  study  was  summarized  in  the  Annual 
Progress  Report  for  FY  76.  The  only  work  done  on  Work  Unit  002  during 
this  fiscal  year  was  preparation  of  a manuscript.  This  work  unit  is 
being  closed  out. 
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BODY  OK  REPORT 


WORK  UNIT  NO.  002 


In  Vitro  Metabolism  of  GbPD  Deficient 
Erythrocytes  Stored  in  CPD  Adenine 
Ant icoagulant 


STUDY  NO.  2 Measurement  of  some  intermediate  meta- 

bolites and  enzyme  activity  of  GbPD 
deficient  erythrocytes  stored  in  CPD, 
CPD  adenine,  CPD  ascorbate,  and  CPD 
adenine  ascorbate  anticoagulant  media 
when  compared  to  normal,  nondeficient 
erythrocytes  stored  in  the  same  media 


PROBLEM 

Since  10X  of  the  American  Negro  male  population  is  deficient  for 
glucose-b-phosphate  dehydrogenase  (GbPD) , it  is  important  to  determine 
if  erythrocytes  from  these  donors  behave  in  the  same  manner  metaboli- 
cally  as  erythrocytes  from  normal  controls  when  stored  under  identical 
conditions.  Since  approximately  25-30%  of  all  military  personnel  are 
black,  the  possible  adverse  effects  of  GbPD  deficient  blood  donors 
could  be  especially  severe  in  the  U.S.  Army.  The  newer  additives,  such 
as  adenine  or  ascorbic  acid,  which  prolong  liquid  storage  to  35-42  days 
could  cause  additional  stress  on  GbPD  deficient  blood.  Therefore,  this 
study  was  undertaken  to  evaluate  what,  if  any,  changes  occur  during 
b weeks  of  storage. 

RESULTS  AND  DISCUSS  ION  OF  RESULTS 

No  additional  experimental  work  was  done  on  this  work  unit  in  the  past 
year.  A manuscript  was  prepared  based  upon  data  collected  the  previous 
year.  All  experimental  work  completed  in  this  study  was  summarized  in 
the  Annual  Progress  Report  for  FY  7b.  This  work  unit  Is  being  terminated. 

CONCLUSIONS 

The  only  biochemical  difference  between  normal  and  GbPD  deficient  cells 
during  storage  is  elevated  levels  of  pyruvate  in  the  GbPD  deficient 
cells.  Although  in  vivo  survival  studies  were  not  done,  it  appears  from 
the  biochemical  data  (including  ATP,  2,3-DPG,  and  pH)  that  GbPD  defi- 
cient cells  survive  4 C liquid  storage  as  well  as  normal  red  blood 
cells,  and  GbPD  deficient  donors  should  be  accepted  as  part  of  the  nor- 
mal donor  pool. 

RECOMMENDATIONS 

None 
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23.  (0)  Although  c e significance  at  the  tissue  level  of  a left-shifted  oxygen  dissocia- 
tion curve  exhibited  by  2,3  diphosphoglycerate  (DPG)  deficient  red  cells  is  not  com- 
pletely clear,  it  is  highly  probable  that  red  cells  with  near  normal  DPG  content  would 
contribute  to  organ  survival  in  the  massively  transfused,  acutely  wounded  soldier. 
Currently  used  red  ceil  storage  anticoagulant-preservat Ive  solutions  (APS)  do  not  permit 
tile  red  cell  to  maintain  DPG  content.  Normal  oxygen  off-loading  characteristics  of 
hemoglobin  are  dependent,  at  least  in  part,  on  the  allosteric  regulation  of  DPG  within 
the  red  cell.  These  studies  will  develop  and  evaluate  both  additive  and  storage  systems 
[which  will  enable  red  cells  to  maintain  DPG  better  during  liquid  storage,  without  im- 
pairing other  glycolytic  intermediates  such  as  adenosine  triphosphate  (ATP) . 

24.  (II)  Most  APS  additives  which  currently  appear  to  hold  promise  for  improving  red  cell 
DPG  during  storage  are  unstable  in  the  anticoagulant  mix.  Among  these  are  dihydroxyace- 
tone  (DHA),  ascorbic  acid  (AA),  and  bicarbonate  (BC)  , Stable  forms  or  systems  employing 
these  substances  will  be  developed  and  tested.  The  stable  forms  must  be  inert  to  the 
plastic  blood  container,  freely  convertible  to  the  active  form  upon  contact  with  whole 
blood,  and  nontoxic  both  to  the  blood  in  storage  and  the  recipient  on  infusion. 

25.  (U)  76  10  - 77  09  liquid  storage  of  "ant icoagulant-DHA"  is  unstable  in  citrate- 
phosphat e-dextrose  (Cl’D)  or  phosphate,  but  is  stable  in  water  or  saline  at  room  tempera- 
ture. All  systems  are  unstable  ai  50  C.  The  chemistry  of  DHA  breakdown  has  been  elu- 

idattd.  Various  concentrations  of  ascorbate-2-P0i,  (0  to  42  mM)  in  blood  were  evaluated 
for  their  efficacy  in  maintaining  2,3-DPG;  30  mM  was  found  most  satisfactory. 
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ABSTRACT 

PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  UNIT  NO.  003  Preservation  of  2,3-DPG  in  Red  Cells 

Subjected  to  Extended  Liquid  Storage 

The  following  investigations  have  been  conducted  under  this  Work  Unit: 

STUDY  NO.  2 Stabilization  of  ascorbic  acid  as  a red  cell 
preservative 

STUDY  NO.  5 The  stabilization  of  dihydroxyacetone  (DHA)  for  use 

in  maintaining  red  cell  2,3-DPG  during  liquid  storage 

Currently  available  techniques  for  the  liquid  preservation  of  red  cells 
do  not  maintain  the  red  cell  2,3  diphosphoglycerate  (2,3-DPG)  concen- 
tration sufficiently  so  that  it  can  modulate  hemoglobin  to  release 
oxygen  optimally.  This  defect  of  stored  red  cells  may  be  of  great 
importance  in  hemorrhagic  shock,  and  thus,  in  resuscitation  of  the 
massively  wounded  soldier. 

STUDY  NO.  2.  Units  of  blood  drawn  in  CPD-adenine  were  fortified  with 
0-41  mM  ascorbate  phosphate  (AsP) . The  2,3-DPG  concentrations  were 
best  maintained  with  41  mM  AsP  (73%  of  normal  on  storage  day  35,  and 
41%  on  day  42) . Addition  of  dihydroxyacetone  to  41  mM  AsP  did  not 
further  enhance  2,3-DPG  maintenance. 

STUDY  NO.  5.  The  stability  of  DHA  in  various  aqueous  solutions  was 
evaluated  for  13  months  at  25  C.  DHA  is  stable  in  water  and  saline, 
as  well  as  saline  solutions  of  adenine  or  dextrose.  It  is  unstable 
in  other  anticoagulant  compounds  or  in  any  solution  at  50  C (2  months) . 
The  effect  of  autoclaving  was  evaluated.  Optimal  concentration  of 
DHA  when  added  to  CPD-adenine  whole  blood  is  being  evaluated.  Several 
derivatives  of  DHA  have  been  prepared  and  are  being  tested  in  blood. 
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BODY  OF  REPORT 


WORK  UNIT  NO.  003  Preservation  of  2 , 3-DPG  in  Red  Cells 

Subjected  to  Extended  Liquid  Storage 

STUDY  NO.  2 Stabilization  of  ascorbic  acid  as  a 

red  cell  preservative 

PROBLEM 

After  14  days  of  liquid  storage  as  whole  blood  or  red  cell  concentrates, 
red  cell  2, 3-DPG  is  not  maintained  at  levels  permitting  normal  oxygen 
transfer  to  tissues.  Preliminary  data  suggest  that  decreased  oxygen 
transfer  may  be  particularly  deleterious  to  soldiers  requiring  massive 
transfusions  to  correct  hemorrhagic  shock.  It  has  recently  been  found 
that  ascorbic  acid,  especially  in  combination  with  dihydroxyacetone 
(DHA)  will  maintain  2, 3-DPG  levels  above  50%  during  extended  liquid 
storage  (35  days).  However,  ascorbate,  either  as  the  acid  or  as  the 
sodium  salt,  is  not  stable  in  solution  and  decomposes  rapidly  when 
exposed  to  the  autoclaving  necessary  to  sterilize  blood  bags. 

It  is  important,  therefore,  to  develop  ways  of  stabilizing  this  compound. 
The  stability  and  efficacy  of  derivatives  of  ascorbic  acid  such  as 
ascorbate-2-phosphate  (AsP)  will  be  evaluated. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Ascorbate-2-phosphate  (AsP)  has  been  shown  to  be  80%  stable  to  auto- 
claving and  to  survive  6 months  of  25  C liquid  storage  in  water  or 
saline.  Addition  of  AsP  to  CPD-adenine  whole  blood  resulted  in  increased 
maintenance  of  red  cell  2, 3-DPG  throughout  42  days  of  storage.  AsP 
concentrations  of  0 to  41  mM  were  used;  the  highest  concentration  gave 
the  best  2, 3-DPG  preservation.  About  50%  of  the  AsP  disappeared  from 
the  plasma  during  the  42-day  storage  period.  Addition  of  DHA  to  bags 
containing  41  mM  AsP  did  not  enhance  2, 3-DPG  maintenance  as  was  pre- 
viously reported  for  ascorbic  acid  plus  DHA;  this  needs  further 
evaluation. 

CONCLUSIONS 


AsP  is  stable  to  autoclaving  and  can  be  stored  for  6 months  at  25  C in 
aqueous  solution.  While  AsP  enhanced  2, 3-DPG  maintenance  during  stor- 
age, it  did  not  show  an  additive  effect  when  used  in  combination  with 
DHA. 


RECOMMENDATIONS 


Further  studies  should  be  performed  on  the  storage  stability  of  Asl1 
and  Its  effects  on  maintaining  red  cell  2,3-DPG  during  storage. 

PUB  1.1  CAT  IONS 

1.  BENSINGER,  T.A.,  and  T.F.  ZUCK.  Trisodium  ascorbate  phosphate,  a 
stabilized  form  of  ascorbic  acid,  promotes  2,3-DPG  maintenance  during 
blood  storage.  (Abstract)  Transfusion  16:318,  1977 

2.  BENSINCER,  T.A.,  T.F.  ZUCK,  B.  TOLBERT,  S.  MCLAUGHLIN,  C.C.  PECK, 
and  M.  KNIGHT.  An  enzymatic  method  for  measurement  of  ascorbate-2- 
phosphate.  Biochem  Med,  in  press,  1978 

STUDY  NO.  5 The  stabilization  of  dihydroxyacetone 

(DHA)  for  use  in  maintaining  red  cell 
2,3-DPG  during  liquid  storage 


PROBLEM 

After  14  days  of  liquid  storage  as  whole  blood  or  red  cell  concentrates, 
red  cell  2,3-DPG  is  not  maintained  at  levels  permitting  normal  oxygen 
transfer  to  tissues.  Preliminary  data  suggest  that  decreased  oxygen 
transfer  may  be  particularly  deleterious  to  soldiers  requiring  massive 
transfusions  to  correct  hemorrhagic  shock.  It  has  recently  been  found 
that  ascorbic  acid,  especially  in  combination  with  dihydroxyacetone 
(DILI)  will  maintain  2,3-DPG  levels  above  50%  during  extended  liquid 
storage  (35  days).  The  additive  DHA  appears  to  be  unstable  in  solu- 
tion with  anticoagulants  or  when  autoclaved. 

It  is  important,  therefore,  to  develop  ways  of  either  stabilizing  this 
compound,  or  to  develop  modified  compounds  which  have  the  same  poten- 
tial effect  as  DHA  in  preserving  red  cell  2,3-DPG.  It  is  necessary  to 
study  the  rate  and  mechanism  of  DILI  decomposition  in  various  aqueous 
solutions  and  to  develop  a method  for  its  stabilization.  Stabilization 
of  DHA  may  be  achieved  by  development  of  a complex  or  derivative. 

RESULTS  AND  JDI SGUSSIPN  OF  RESULTS 

The  150  mM  solutions  of  DHA  in  sterile  blood  transfer  packs  were  stored 
at  25  C for  13  months.  DHA  was  stable  in  water,  saline,  saline  plus 
adenine  or  dextrose,  or  16  mM  phosphate.  DHA  was  unstable  in  CPD, 
citrate,  160  mM  phosphate,  or  ascorbate-2-phosphate  (AsP) . DHA  is  95% 
stable  to  autoclaving  only  in  water  or  saline.  Storage  of  DHA  solutions 
at  50  C (to  simulate  warehouse  conditions)  showed  it  to  be  unstable  in 
water  or  saline.  The  pH  dependence  of  DHA  breakdown  was  evaluated; 
under  basic  conditions  the  dimer  dendroketose  is  produced  in  8 stereo- 
isomer forms,  under  acidic  conditions  methyl  glvoxal  is  the  principal 
product . 
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Studies  are  in  progress  to  determine  the  optimum  DHA  concentration  for 
red  cell  2,3-DPG,  with  minimal  loss  of  ATP.  Preliminary  studies  indi- 
cate 30  mM  as  best,  higher  concentrations  giving  higher  2,3-DPG,  but 
at  the  expense  of  red  cell  ATP  concentrations.  Two  dimers  of  DHA, 
dendroketose , and  2-ketogulonic  acid  have  been  evaluated  in  blood  and 
were  found  to  have  no  efficacy  in  raising  2,3-DPG.  In  fact,  the  latter 
caused  quicker  loss  of  2,3-DPG  and  ATP  than  controls.  Two  ester  deri- 
vatives (DHA  as  the  alcohol  group)  have  been  synthesized  and  are  being 
purified  to  testing  in  blood.  These  were  made  from  propionyl  chloride 
and  palmitoyl  chloride. 

CONCLUSIONS 


DHA  is  stable  in  liquid  storage  in  H2O  or  saline  at  room  temperature 
and  could  be  used  in  blood  storage  if  kept  in  a satellite  bag  at  25  C 
until  the  blood  is  drawn  into  the  bag  system.  Cost  and  logistical 
limitations  make  the  satellite  system  undesirable,  and  efforts  to  find 
a stable  derivative  are  still  underway. 

RECOMMENDATIONS 


Continued  evaluation  of  DHA  derivatives  is  needed  for  extended  liquid 
storage.  Further  storage  studies  at  50  C are  needed. 

PUBLICATIONS 

1.  LEDFORD,  M.E.,  G.L.  MOORE,  and  T.A.  BENSINGER.  A comparison  of 
two  2,3-DPG  assays.  Clin  Chem,  in  press,  1978 
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23.  (11)  The  final  objective  of  this  study,  clinical  trials  of  an  Improved  anticoagulant, 
is  Food  and  Drug  Administration  licensure,  which  would  permit  clinical  use  of  red  cells 
after  prolonged  liquid  storage.  Shipment  of  blood  into  combat  areas  necessitates  de- 
lays between  drawing  and  infusion;  the  Impact  of  these  delays  on  the  quality  of  red 
cells  infused  will  be  minimized  through  use  of  an  Improved  anticoagulant-preservative 
sol.it  Ion. 

24.  (11)  Current  red  cell  liquid  storage  is  limited  to  21  days.  Data  derived  through  use 
of  an  anticoagulant-preservative  solution  containing  citrate-phosphate-dextrose  (CPD), 
adenine,  and  additional  glucose,  suggest  the  storage  period  can  be  extended  to  35  days, 
and  postinfusion  red  cell  survival  would  be  superior  at  any  given  day  of  storage. 
Military  and  civilian  investigators,  in  a cooperative  effort,  will  perform  clinical 
trials  under  an  application  for  investigational  new  drug  (T.N.D.)  held  by  the  container- 
solution  manufacturers.  The  Blood  Research  Division,  LAIR,  is  the  team  leader  for  this 
cooperative  effort.  Data  from  each  study  will  be  collated  and  analyzed  by  this  division 
in  eon  junction  with  the  Department  of  Information  Sciences,  UUR. 

5.  (D)  76  10  - 77  09  Results  of  a clinical  trial  using  modified  CPD  (160.9  mM  glucose 
uid  2.05  mM  adenine)  have  been  completed  and  the  results  have  been  published.  Further 
i > idcnltn-  clinical  trials  may  be  initiated  in  an  attempt  to  improve  the  quality  ot  the 
i .It  concentrates  after  35  days  of  storage. 
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ABSTRACT 

PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  UNIT  NO.  004  CPD-Adenine  Clinical  Trials 

Red  cell  survival  studies  in  Phase  IA  of  the  national  cooperative  clini- 
cal trials  of  modified  CPD-adenine  CPD-Aj:  1.83  g glucose  (160.9  mM) 
and  0.0173  g adenine  (2.05  mM)  per  63  ml  anticoagulant)  have  been  com- 
pleted, analyzed,  and  the  results  published  (Transfusion  17:374,  1977). 
CPD-Aj  appears  to  be  an  adequate  preservative  for  35-day  whole  blood 
storage  and  for  28-day  storage  of  packed  red  cells  (PC) . It  is  only 
marginally  acceptable  for  35-day  PC  preservation.  Just  prior  to  EDA 
approval  of  the  New  Drug  Application  for  35-day  blood  stored  in  CPD-Aj, 
it  was  revealed  that  the  plastic  bags  supplied  by  one  manufacturer  (for 
use  in  the  cooperative  clinical  trials)  were  mislabeled  as  to  plastic 
type  (labeled  PL-146;  true  identity  was  PL-130).  At  a meeting  of  FDA 
and  manufacturer  representatives  with  principal  investigators  from 
cooperating  laboratories,  it  was  agreed  to  repeat  red  cell  survival 
studies  in  a modest  number  of  cases  stored  in  correctly  labeled  bags 
(PL-146).  Once  the  studies  are  completed,  licensure  should  be  forth- 
coming. Plans  are  being  made  to  evaluate  improved  CPD-adenine  formula- 
tions (CPD-A2,  A3:  2.8,  3.2  g glucose  (225.2,  257.4  mM)  and  0.0346  g 

adenine  (3.03  mM)  per  63  ml  anticoagulant)  which  is  intended  to  achieve 
42-day  storage  life  for  whole  blood  and  red  cell  concentrates. 
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WORK  UNIT  NO.  004  CPD-Adenine  Clinical  Trials 

PROBLEM 

Military  logistics  require  extended  storage  of  red  cells,  particularly 
to  support  transfusion  requirements  in  remote  areas  during  hostile 
activities.  Over  the  past  16  years,  work  performed  by  the  Blood 
Research  Division  at  Ft.  Knox,  Kentucky  and  by  Army  contractors  has 
been  directed  at  prolonging  shelf-life  of  red  cells  for  transfusion  by 
fortifying  citrate-phosphate-dextrose  (CPD)  anticoagulant  solution  with 
purine  bases  (adenine,  inosine,  guanine).  It  has  become  apparent  from 
many  studies  that  adenine  is  effective  and  accompanied  by  a low  risk 
of  toxicity.  However,  despite  millions  of  units  of  blood  containing 
adenine  which  have  been  transfused  in  Europe,  extended  liquid  storage 
is  not  available  for  military  use.  Clinical  trials  were  needed.  Pre- 
vious civilian  efforts  to  institute  clinical  trials  were  not  successful 
for  reasons  unrelated  to  the  scientific  merits  of  the  anticoagulant. 

WiLh  the  advent  of  a national  blood  policy,  it  became  clear  that  inter- 
face of  civilian  and  military  donor  resources  would  be  essential  to 
meet  sudden  large  requirements.  Thus,  general  licensing  of  an  adenine- 
fortified  anticoagulant  would  be  necessary  if  the  military  were  to  use 
it  most  effectively.  Efforts  were  initiated  under  this  work  unit  to 
obtain  general  Food  and  Drug  Administration  (FDA)  licensure,  with  the 
realization  that,  even  should  this  not  be  successful,  data  would  be 
available  to  permit  use  in  those  unique  military  settings  in  which 
extended  liquid  blood  storage  might  be  essential.  If  the  data  suggested 
lack  of  safety  and  efficacy,  then  further  Army  funding  of  adenine  blood 
research  would  require  careful  scrutiny. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Nine  additional  24-hour  autologous  post  infusion  *Cr-tagged  red  cell 
survival  studies  of  packed  red  cells  (PC)  stored  for  35  days  in  CPD-A] 
were  performed.  These  completed  the  requirements  of  Phase  1A  ol  the 
1ND  protocol.  The  mean  percent  survivability  of  the  entire  19  PC  cases 
(Table  l)  was  not  materially  different  from  that  reported  for  the  first 
11  cases  reported  in  last  year's  report  (71.02+10.0%  [ SD ] ) . 

A summary  of  all  Phase  1A  red  cell  survival  results  appears  in  Table  1. 
Whole  blood  stored  for  35  days  and  PC  stored  for  28  days  exhibit  accept- 
able survivability;  i.e.,  greater  than  95%  of  such  units  are  expected 
to  have  survivabilities  in  excess  of  70%.  However,  PC  stored  for  35 
days  in  CPD-A[  yielded  only  marginally  acceptable  results.  Despite  the 
mean  survival  of  greater  than  70%,  45%  of  such  units  would  be  expected 
to  show  survivability  of  less  than  that. 

The  Efficacy  Panel  for  Blood  and  Blood  Products  of  the  Bureau  of 
Biologies  (BoB) , FDA,  reviewed  the  above  results  in  great  detail  at 
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TABLE  I 


Red  Cell  Survivabilities  (CPD-Ai) 


Storage  Time 

Survival 

Blood  Product 

No.  Cases 

(Days) 

(%,  +SD) 

Whole  Blood 

32 

35 

80.5316.44 

(Hct=40) 

Packed  Red  Cells 

19 

35 

71.38+10.30 

(Hct=70) 

8 

28 

83.97+6.10 

a meeting  held  30  September  to  1 October  1976.  The  Panel  unanimously 
recommended  that  a New  Drug  Application  (NDA)  sponsored  by  one  or  both 
of  the  drug  companies  supplying  anticoagulants  and  blood  bags  for  the 
cooperative  trial  be  favorably  considered  by  FDA. 

It  was  recently  revealed,  however,  that  blood  bags  supplied  by  one 
manufacturer  for  use  in  the  cooperative  clinical  trial  of  CPD-Aj  had 
been  mislabeled.  What  was  thought  to  be  PL-146  plastic  (and  labeled 
as  such)  was,  in  fact,  PL-130  plastic.  A meeting  at  the  BoB  (FDA) 
was  held,  at  which  representatives  of  the  BoB  (FDA),  the  manufacturer 
of  PL-130/PL-146  blood  bags.  Blood  Research  Division  (LAIR),  and 
several  laboratories  cooperating  in  the  cooperative  clinical  trials 
were  present.  After  it  was  made  known  that  PL-130  plastic  blood  bags 
would  not  be  available  in  the  future,  the  participants  at  this  meeting 
agreed  that  additional  survival  studies  of  whole  blood  and  PC  stored 
for  35  days  in  CPD-Aj  within  PL-146  (correctly  labeled)  would  be  nec- 
essary. The  Blood  Research  Division,  LAIR,  committed  itself  along 
with  2 other  laboratories  to  performing  the  necessary  studies  (estimated 
to  be  approximately  5 whole  blood  and  10  to  15  red  cell  concentrate 
units  in  total).  FDA  representatives  stated  that,  after  those  few  re- 
maining survival  studies  were  completed  satisfactorily,  no  substantive 
issues  would  remain  which  might  delay  favorable  consideration  of  an  NDA. 

in  view  of  the  marginally  acceptable  survivabilities  of  PC  units  stored 
for  35  days  in  CPD-Ai , the  participants  of  the  recent  BoB  (FDA)  meeting 
agreed  that  improved  formulations  of  modified  CPD-adenine  should  be 
developed  and  tested.  An  increase  in  the  glucose  content  to  2.8,  3.2  g 
(225.2,  257.4  mM)  and  adenine  to  0.0346  g (2.05  mM)  per  63  ml  antico- 
agulant (CPD-A2,  A3)  appears  promising.  However,  some  scientific 
issues  remain  unresolved  (e.g.,  does  increasing  glucose  concentrations 
have  a deleterious  effect  on  platelet  concentrates  harvested  from  whole 
blood  drawn  into  CPD-A2 , A3?).  The  Blood  Research  Division,  LAIR, 
along  with  other  laboratories,  agreed  to  perform  necessary  investiga- 
tions on  CPD-A2 , A3  as  a prelude  to  possible  clinical  testing.  Clini- 
cal testing  of  this  improved  CPD-adenine  preservative  would  be  aimed 
at  developing  the  capability  for  42-day  storage  life. 
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CONCLUSIONS 


The  licensure  effort  for  CPD-Ai  has  been  temporarily  delayed.  Studies 
required  for  licensure  are  underway,  and  licensure  should  be  forthcom- 
ing within  12  to  18  months.  An  improved  CPD-adenine  formulation  is 
being  developed.  This  should  eventually  result  in  42-day  storage  life 
for  whole  blood  and  red  cell  concentrates. 

RECOMMENDATIONS 


1.  Additional  red  cell  survival  studies  should  be  performed  on  blood 
stored  in  CPD-Aj  for  35  days  in  PL-146  plastic  bags  in  order  to  satisfy 
remaining  licensure  requirements. 

2.  In  vitro  studies  of  CPD-A2,  A 3 should  be  performed  as  a prelude  to 
in  vivo  evaluation  of  this  improved  CPD-adenine  preservative. 

3.  The  Division  should  participate  with  the  manufacturers  in  applying 
for  a new  drug  application,  and  apply  through  the  Surgeon  General’s 
office  for  the  required  amendment  to  the  institutional  blood  bank  li- 
cense held  by  The  Surgeon  General  to  permit  the  Army,  as  dictated  by 
military  requirements,  to  use  CPD-adenine  as  formulated  in  this  study. 

PUBLICATIONS 

1.  ZUCK,  T.F.,  T.A.  BENSINGER,  C.C.  PECK,  et  al.  The  in  vivo  sur- 
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2.  ZUCK,  T.F.  In:  Proceedings  of  the  Workshop  on  Adenine  and  Red 
Cell  Preservation  (Washington,  D.C.,  1-2  October  1976),  U.S.  Depart- 
ment of  Health,  Education,  and  Welfare,  Bureau  of  Biologies,  Food  and 
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ABSTRACT 


PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  UNIT  NO.  005  Evaluation  of  DEHP  (Di-2-ethylhexyl- 

phthalate)  Disposition  in  Primates 
(Including  Man) 

The  following  investigations  have  been  conducted  under  this  Work  Unit: 

STUDY  NO.  1 DEHP  assay  development 

STUDY  NO.  2 Factors  affecting  DEHP  leaching 

STUDY  NO.  5 Pharmacokinetic  evaluation  of  DEHP 

Increasing  the  storage  duration  for  whole  blood  and  packed  red  cells 
will  improve  the  logistics  of  field  transfusion  therapy.  The  plasti- 
cizer di-2-ethylhexyl-phthalate  (DEHP)  leaches  from  polyvinylchloride 
(PVC)  plastic  blood  bags  into  the  plasma  during  storage.  Concern  has 
been  expressed  about  its  potential  toxicity  in  transfusion  recipients. 
Since  DEHP  leaching  from  PVC  increases  approximately  linearly  with 
time,  prolonged  storage  increases  potential  toxicity.  To  assess  prop- 
erly the  increased  risk  of  exposure  to  DEHP,  detailed  studies  of  leach- 
ing characteristics,  the  factors  affecting  leaching  rates,  and  pharma- 
cokinetic evaluation  are  essential. 

STUDY  NO.  1.  A combined  MEHP  (mono-ethylhexyl-phthalate) /DEHP  gas 
chromatographic  assay  has  been  developed.  The  assay  simultaneously 
measures  DEHP  and  MEHP  from  a single  sample  and  is  sensitive,  accurate, 
and  precise. 

STUDY  NO.  2.  MEHP  has  been  discovered  in  plasma  of  blood  stored  in 
plastic  bags.  It  is  neither  a component  of  bags  nor  a natural  con- 
stituent of  blood,  but  arises  de  novo  during  storage;  it  results  from 
enzymatic  hydrolysis  of  leached  DEHP.  The  accumulation  rate  of  MEHP 
appears  to  be  affected  by  the  inner  surface  characteristics  of  the 
plastic  storage  bag. 

STUDY  NO.  5.  Quantitative  evaluation  of  urinary  metabolites  of  DEHP 
administered  to  2 patients  via  platelet  concentrate  infusions  has 
yielded  preliminary  information  of  the  metabolism  of  DEHP  in  man.  DEHP 
is  metabolized  to  MEHP  and  oxidation  products  of  MEHP.  These  metabo- 
lites are  excreted  mainly  in  the  urine  as  glucuronide  conjugates. 


369 


BODY  OF  REPORT 


WORK  UNIT  NO. 

005 

Evaluat ion 

of  DEHP  (Di-2-ethylhexyl- 

phthalate) 

Disposition  in  Primates 

(Including 

Man) 

STUDY  NO. 

1 

DEHP  assay 

development 

PROBLEM 

Prolonging  the  liquid  storage  shelf  life  of  whole  blood  and  packed  red 
cells  is  one  of  the  primary  missions  of  this  department.  Red  cell  out- 
dating  poses  a major  problem  in  combat  medical  supply  logistics,  which 
could  be  solved,  in  part,  by  the  availability  of  extended  storage. 
During  liquid  storage  of  red  cells  for  transfusion,  the  plasticizer 
di-2-ethylhexyl-phthalate  (DEHP)  leaches  from  the  polyvinyl  chloride 
(PVC)  plastic  storage  container  into  the  plasma.  The  rate  of  DEHP 
accumulation  in  stored  plasma  is  approximately  linear  with  time,  and 
thus,  higher  concentrations  are  observed  during  extended  storage  inter- 
vals. Concern  has  been  expressed  regarding  the  potential  toxicity  of 
DEHP  in  transfusion  recipients,  although  current  data  of  toxic  effects 
are  inconclusive.  If  it  is  to  be  recommended  that  the  shelf  life  of 
whole  blood  and  packed  red  cells  be  extended  during  combat  operations, 
the  potential  risks  of  increasing  the  dose  of  DEHP  must  be  evaluated 
accurately.  Under  this  work  unit  assay  techniques,  leaching  character- 
istics, and  pharmacokinetics  of  DEHP  are  being  evaluated. 


The  discovery  of  mono-ethylhexyl-phthalate  (MEHP)  in  stored  plasma 
(see  Study  No.  2 of  this  work  unit)  by  our  collaborating  laboratory 
(Dr.  P.  Albro,  National  Institute  of  Environmental  Health  Sciences, 
Research  Triangle  Park,  NC)  prompted  the  incorporation  of  a plasma 
assay  for  MEHP  into  our  previously  developed  DEHP  assay. 


RESULTS  AND  DISCUSSION  OF  RESULTS 


A combined  MEHP/DEHP  gas  chromatographic  assay,  with  the  use  of  di-n- 
octal-phthalate  (DNOP)  as  an  internal  standard,  has  been  developed. 
Concentrations  of  these  2 compounds  can  be  simultaneously  measured  in 
1 ml  of  plasma.  Performance  characteristics  of  the  assay  are  shown 
in  Table  I. 


Characteristic 


TABLE  1 
MEHP 


Sensitivity 

Accuracy"^ 

Precision  (%  C.V.)'*"*' 


>12.5  nM/ml 
100% 

±9% 


DEHP 

-12.5  nM/ml 
100% 

±5% 


^accuracy  is  100%  since  the  internal  standard  (DNOP)  is  carried  through 
the  entire  assay  procedure  (including  preliminary  extractions) 

^applies  to  concentration  range  12.5-300.0  nM/ml 
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The  newly  developed  combined  MEHP/DEHP  gas  chromatographic  assay  is 
sensitive,  accurate,  and  precise. 


RECOMMENDATIONS 


The  new  assay  should  be  applied  routinely  to  DEHP  leaching  and  MEHP 
accumulation  studies  under  this  work  unit. 

PUBLICATIONS 

None 

STUDY  NO.  2 Factors  affecting  DEHP  leaching 

PROBLEM 

Developing  ways  to  limit  human  exposure  to  DEHP  (in  plasma)  requires 
identification  of  factors  affecting  DEHP  leaching  into  plasma  from 
polyvinylchloride  (PVC)  blood  bags.  This  will  permit  selection  of 
storage  conditions  which  minimize  leaching. 

During  studies  of  li4C-DEHP  disposition  in  the  African  Green  Monkey 
(Study  No.  5,  FY  76),  small  quantities  of  mono-ethylhexyl-phthalate 
(MEHP)  were  discovered  in  infusion  plasmas.  Since  MEHP  is  known  to 
be  at  least  as  toxic  as  DEHP,  more  information  regarding  the  origin 
of  this  blood  storage  contaminent  is  necessary. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

MEHP  was  not  found  to  be  a component  of  plastic  blood  bags  (Fenwal 
PL-130,  McGaw  BB-69)  nor  was  it  detectable  in  blood  from  normal 
humans.  Its  origin  in  plasma  of  stored  blood  is  from  enzymatic 
hydrolysis  of  leached  DEHP  by  plasma  nonspecific  lipase  (esterase) . 
This  enzymatic  activity  can  be  completely  destroyed  by  heating  plasma 
at  60  C for  25  minutes  in  a water  bath.  The  rate  of  enzymatic  conver- 
sion of  MEHP  from  DEHP  is  more  rapid  in  McGaw  BB-69  blood  bags  than  in 
Fenwal  PL-130  bags.  We  postulate  that  this  disparity  arises  from  sur- 
face differences  between  the  2 plastics.  The  toxicological  signifi- 
cance of  MEHP  in  stored  blood  is  unknown. 

CONCLUSIONS 


MEHP  arises  during  blood  storage  as  a result  of  enzymatic  hydrolysis 
of  leached  DEHP.  The  rate  of  this  reaction  may  be  due  to  surface 
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RECOMMENDATIONS 


Factors  affecting  the  conversion  of  MEHP  from  DEHP  during  storage 
should  be  investigated  further.  Accumulation  of  DEHP  and  MEHP  should 
be  investigated  in  current  and  future  blood  and  blood  product  preser- 
vation systems.  Consideration  should  be  given  to  the  study  of  the 
toxicological  significance  of  MEHP. 

PUBLICATIONS 


None 

STUDY  NO.  5 Pharmacokinetic  evaluation  of  DEHP 

PROBLEM 


The  pharmacokinetics  and  metabolic  fate  of  DEHP  in  primates  has  been 
elucidated  in  a subhuman  primate  species  (African  Green  Monkey;  see 
Annual  Report  FY  76,  this  work  unit),  but  not  in  man.  In  order  to 
assess  risks  of  toxicity  from  this  blood  storage  contaminant  during 
massive  transfusions,  the  metabolic  disposition  of  DEHP  in  man  must  be 
investigated. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


DEHP  and  its  metabolites  were  measured  by  gas  chromatography  (GC)  in 
urine  from  2 patients  receiving  DEHP-laden  platelet  concentrates 
(Case  I:  94.7  mg  DEHP  infused  in  4 hours;  Case  II:  174.3  mg  in 
ll2  hours).  In  case  I,  57.1%  of  infused  phthalate  appeared  in  urine 
by  8.5  hours;  in  Case  II,  62.0%  was  accounted  for  by  24  hours.  Only 
trace  quantities  of  unchanged  DEHP  were  excreted.  Eighty  percent  of 
the  urinary  DEHP  metabolites  were  conjugated  to  glucuronide.  GC-mass 
spectroscopy  revealed  the  metabolites  to  be  mono-ethylhexyl-phthalate 
(MEHP)  or  8 oxidized  derivatives  of  MEHP.  The  predominant  species 
was  mono(2-ethyl,  3-carboxylpropyl) phthalate  (24%  of  dose,  Case  II). 

CONCLUSIONS 


In  2 patients,  intravenous  DEHP  was  extensively  metabolized  to  glucuro- 
nide conjugates  of  MEHP  and  oxidized  MEHP  derivatives.  There  metabo- 
lites were  rapidly  excreted,  primarily  in  the  urine. 

RECOMMENDATIONS 


A definitive  investigation  of  the  disp< 
undertaken  using  1 3C-DEHP . 


sit  ion  of  DEHP  in  man  should  be 
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23.  (U)  The  21  day  storage  limit  of  blood  used  to  transfuse  the  wounded  soldier  can  be 
increased  66  to  100%  by  the  addition  of  adenine  to  the  preservative.  Metabolic  and 
kinetic  data  will  be  gathered  to  define  the  efficacy  and  toxicity  of  adenine  when  used 
as  part  of  an  anticoagulant  solution  for  the  storage  of  human  blood.  Investigations 
will  be  conducted  to  determine  if  2,8  dioxyadenine,  a catabolic  metabolite  of  adenine, 
could  accumulate  in  sufficient  quantities  in  the  massively  transfused  individual  to 
cause  toxicity  problems. 

24.  (J)  The  rate  of  transport  of  adenine  into  red  cells  during  cold  storage  (whole 
blood  and  red  cell  concentrates)  and  the  rate  of  conversion  to  adenine  nucleotides  will 
be  investigated.  The  kinetics  of  adenine  catabolic  metabolism  by  xanthine  oxidase 
will  be  evaluated. 

25.  (e)  76  10  - 77  09  When  whole  blood  containing  0.25  mM  adenine  is  converted  to  red 
cell  concentrates  for  storage,  the  adenine  dose  is  marginally  sufficient.  Data  indi- 
cate improved  long-term  storage  viability  by  increasing  the  adenine  concentration  at 
time  of  drawing  or  by  adding  17.3  mg  adenine  after  packing  cells.  Partitioning  of  ade- 
nine between  plasma  and  red  cells  has  been  quantitated;  the  evidence  indicates  a higher 
concentration  in  red  cells  with  possible  membrane  binding.  Xanthine  oxidase  kinetics 
of  purines  (by  using  HPLC  analysis)  indicate  incorrect  activities  are  obtained  from 
spe ctrophotometric  analysis  of  similar  systems. 
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ABSTRACT 


3S762772A814  Military  Trauma  and  Resuscitation 

006  The  Toxicity  of  Adenine  When  Used 

in  a Blood  Anticoagulant  Solution 

The  following  investigations  have  been  conducted  under  this  Work  Unit: 

STUDY  NO.  2 Diffusion  of  adenine  into  and  out  of  red  blood  cells 
during  cold  storage 

STUDY  NO.  3 Adenine  metabolism  and  kinetics  in  CPD-adenine 
stored  blood 

STUDY  NO.  2.  When  units  of  whole  blood  drawn  into  CPD  containing 
17.3  mg  of  adenine  were  stored  as  red  cell  concentrate,  the  plasma 
adenine  concentration  was  essentially  depleted  by  21  days  in  contrast 
to  its  persistence  through  42  days  in  whole  blood.  Moreover,  the  packed 
cell  ATP  levels  were  significantly  lower  than  whole  blood  ATP  values 
after  28  days  of  storage.  Addition  of  17.3  mg  of  adenine  to  blood  after 
packing  the  cells  produced  superior  ATP  concentrations  during  storage. 

STUDY  NO.  3.  The  addition  of  twofold  extra  phosphate  to  stored  blood 
resulted  in  better  ATP  maintenance  and  slightly  increased  plasma  ade- 
nine uptake,  but  this  occurred  at  the  expense  of  red  cell  2,3-DPG. 
Initial  studies  on  the  kinetics  of  xanthine  oxidase  with  hypoxanthine 
and  adenine  were  evaluated  by  high  pressure  liquid  chromatography  as 
well  as  spectrophotometry.  The  data  indicate  that  erroneous  results 
are  obtained  by  using  the  standard  spectrophotometric  procedure.  Data 
have  been  generated  for  the  development  of  a mathematical  model  of  red 
cell  metabolism  under  storage  conditions  which  may  yield  predictions 
for  optimizing  storage  conditions. 


PROJECT  NO. 
WORK  UNIT  NO. 
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WORK  UNIT  NO.  006 

STUDY  NO.  2 

STUDY  NO.  3 

PROBLEM 


BODY  OF  REPORT 

The  Toxicity  of  Adenine  When  Used 
in  a Blood  Anticoagulant  Solution 

Diffusion  of  adenine  into  and  out 
of  red  blood  cells  during  storage 

Adenine  metabolism  and  kinetics  in 
CPD-adenine  stored  blood 


Our  goal  is  to  gather  data  on  the  efficacy  and  potential  toxicity  of 
adenine  when  it  is  used  as  part  of  an  anticoagulant  solution  for  the 
storage  of  human  blood,  and  to  maximize  the  beneficial  effects  of  ade- 
nine in  both  whole  blood  and  red  cell  concentrates  (RCC)  when  it  is 
part  of  the  anticoagulant  mix  or  when  it  is  used  in  an  optional  addi- 
tive system.  In  addition,  we  will  determine  the  kinetics  of  adenine 
uptake,  egress,  and  metabolism  by  red  cells  in  these  situations,  and 
determine  the  kinetic  limitations  of  conversion  of  adenine  to  its 
insoluble  oxides  by  xanthine  oxidase. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


When  17.3  mg  of  adenine  is  mixed  with  whole  blood,  it  quickly  equili- 
brates between  plasma  and  red  cells  to  give  a net  plasma  adenine  con- 
centration of  about  27  ug/ml.  During  42  days  of  4 C storage,  the  plasma 
adenine  gradually  drops  to  about  2 to  4 ug/ml;  this  reflects  its  uptake 
into  the  red  cell  and  incorporation  into  the  adenine  nucleotide  pool. 

The  result  is  increased  red  cell  survivability  and  elevated  red  cell  ATP 
concentrations.  In  this  situation,  the  ratio  of  adenine  to  red  cells 
is  approximately  90  ug/ml  RBCs,  depending  on  the  hematocrit  (Hct) . 

Wh.  the  blood  is  stored  as  RCC  (packed  cells),  we  found  that  6 . 7 mg 
ot  the  adenine  is  lost  during  plasma  removal,  10.6  mg  is  left  in  the 
bag  of  RCC.  This  reduces  the  ratio  of  adenine  to  red  cells  to  55  Ug/ml 
RBC . When  plasma  adenine  was  monitored  during  42  day  RCC  storage,  the 
concentration  started  at  27  ug/ml  as  in  whole  blood,  but  approached 
close  to  zero  by  the  21st  day.  The  corresponding  red  cell  ATP  concen- 
trations were  significantly  lower  than  those  in  similarly  stored  whole 
blood  after  Day  28.  These  data  are  in  support  of  the  clinical  trials 
done  by  Zuck  et  al . (Work  Unit  004)  who  suggested  marginal  survivals 
of  RCC  after  35  days  when  starting  with  an  adenine  concentration  of 
0.25  mM  in  the  blood.  The  addition  of  17.3  mg  of  adenine  to  the  red 
cells  after  preparing  RCC  (i.e.,  keeping  the  ratio  at  90  ug/ml)  gave 
superior  maintenance  of  cellular  ATP  during  42  days  of  storage. 

RCC  prepared  from  CPD  adenine  blood  was  also  stored  with  double  the  CPD 
concentration  of  phosphate  and/or  glucose,  but  the  effects  were  insig- 
nificant on  the  cellular  ATP  concentrations.  When  whole  blood  units 
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(with  adenine)  were  stored  with  extra  phosphate,  slightly  higher  con- 
centrations of  ATP  were  obtained,  but  controls  indicated  this  was  due 
to  PO4  stimulation  of  glucose  metabolism.  Plasma  adenine  uptake  was 
somewhat  faster,  as  was  predicted  from  the  known  activation  of  phos- 
phor ibsyl  pyrophosphate  synthetase  levels  by  increased  PO4 . The  2,3-DPG 
concentrations  were  decreased  by  elevated  phosphate,  thus  offsetting 
the  gains  made  in  cellular  ATP  maintenance. 

When  17.3  mg  of  adenine  is  added  to  whole  blood,  it  quickly  reaches  an 
equilibrium  between  plasma  and  red  cells  which,  in  theory,  would  yield 
a plasma  adenine  concentration  of  39  pg/ml.  The  measured  value  of 
27  Mg/ml  indicated  higher  red  cell  concentrations.  This  was  confirmed 
using  14C-adenine  and  chromatography  to  show  a 23%  excess  of  the 
equilibrium  adenine  concentration  inside  the  red  cells,  of  which  42% 
would  not  egress  when  the  cells  were  equilibrated  with  isotonic  saline. 
This  suggested  a binding  of  adenine  inside  the  red  cell  and  was  con- 
firmed with  equilibrium  dialysis  experiments  of  adenine  with  stroma  and 
soluble  red  cell  proteins.  Adenine  was  shown  to  bind  to  stroma  with  a 
combining  affinity  of  0.35. 

In  order  to  maximize  the  efficacy  of  adenine  and  glucose  in  blood  stor- 
age, the  development  of  a mathematical  model  of  the  system  was  initiated. 
Whole  blood  drawn  in  citrate-phosphate,  CPD,  and  CPD-adenine  was  stored 
for  63  days  and  assayed  3 times  weekly  for  adenine,  ATP,  2,3-DPG,  pH, 
glucose,  and  phosphate.  Mathematical  analysis  is  now  in  progress  with 
computer  data  fitting  to  differential  equations  which  define  the 
variables  in  the  system.  Work  was  initiated  on  the  development  of  an 
inorganic  phosphate  assay  which  allows  measurement  of  inorganic  phos- 
phate in  the  presence  of  organic  phosphates  such  as  2,3-DPG. 

Initial  attempts  were  made  to  define  the  mixed  substrate  kinetics  of 
xanthine  oxidase.  The  standard  published  assays  measure  the  generation 
of  products  spectrophotometrically , i.e.,  uric  acid  from  hypoxanthine 
and  2,8-dioxyadenine  from  adenine.  When  these  assays  were  run  in  our 
laboratory,  unusual  results  were  seen,  and  we  reassayed  each  sample  by 
high  pressure  liquid  chromatography.  This  revealed  the  appearance  of 
intermediates  (xanthine  and  8-oxyadenine)  during  the  course  of  the 
reaction  whose  concentrations  varied  and  confounded  the  spectrophotometric 
measurement  of  end  products. 

CONCLUSIONS 

When  blood  containing  0.25  mM  ader.ine  is  stored  as  RCC,  the  available 
adenine  is  marginal  for  adequate  ATP  levels  and  survivabilities  during 
35  to  42  day  4 C storage.  This  could  be  corrected  by  using  more  ade- 
nine (0.40  mM  in  blood)  or  by  adding  the  adenine  after  preparation  of 
RCC.  Some  binding  of  adenine  to  red  cells  occurs,  but  this  is  an 
asset,  if  anything  (when  making  RCC).  The  optimum  levels  of  adenine, 
and  perhaps  glucose,  have  not  yet  been  defined. 
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recommendations 


More  experimental  and  mathematical  work  should  be 
optimum  concentrations  of  adenine  and  glucose  for 
age  of  red  cells  at  a variety  of  hematocrits. 


done  to  define  the 
extended  liquid  stor- 


PUBLI CAT IONS 

1.  MOORE,  G.L. , and  M.E.  LEDFORD.  The  uptake  and  egress  of  adenine 
from  human  red  blood  cells.  Transfusion  17:38,  1977 

2.  PECK,  C.C.,  P.J.  BAILEE,  and  G.L.  MOORE  Enhanced  aolnblllty  of 
2,8  dihydroxyadenine  (DOA)  in  human  urine.  Transfusion  17.383,  1977 


378 


RESEARCH  AND  TECHNOLOGY  WORK  UNIT  SUMMARY 


nmromr  control  symbol 

DD-DRtE(AR)  6J6 


ft.  DATE  FRE  V ftUM'RY  4-  KINO  OR  SUMMARY 

76  10  01  D . Change 


I'm  .j'fTjn-i ji  |'-C'  i > »*■  j* 

■USHsHli 


PROJECT  NUMICR 


TASK  AREA  NUMBER 


WORK  UNIT  NUMBER 


62172A  I 3S162172A814 


I 62772A I 3S762772A814  


CARDS  114  f 


TITLE  f *»•<•*•  vlA  locottty  CtaaatUaattm m CN>. 

Development  of  a Rapid  System  for  Assessing  Blood  Anticoagulant-Nutrient  Preservatives 


It.  SCIENTIFIC  ANO  vf CMNOLOOICAL  AREAS* 

002600  Biologv;  003500  Clin  Medicine;  009800  Medical  and  Hosp  Equi 


75  07 


r.  COMTRACT  ORAMT 


IS-  PERFORMANCE  METHOD 

C.  In-House 


RESOURCES  ESTIMATE  | A PROFESSIONAL  MAN  TRS  I A F UN  OS  0*  i 


A OATES/E  ELECTIVE: 


Not  Applicable 


f.  CUM.  AMT . 


IS.  RESPONSIBLE  OOO  ORGANIZATION 


• Letterman  Army  Institute  of  Research 
AOORESS:*  Presidio  of  San  Francisco,  CA  94129 


RESPONSIBLE  INDIVIDUAL 


NAME.  Canham,  J.E.,  COL,  MC 
TCLCTHONC:  (415)  561-3600 


ISO.  PERFORMING  ORGANIZATION 


»***«*  Letterman  Army  Institute  of  Research 
Div  of  Combat  and  Experimental  Surg 
aoda«u:*  Department  of  Surgery 

Presidio  of  San  Francisco,  CA  94129 

PRINCIPAL  INVESTIGATOR  fFuNtlAA  UAH  11(1.1.  AcaPmIc  |i MllfwftaNj 

"»"«■*  Neville,  J.  Ryan,  PhD,  DAC 
T.LtAHOA.  (415)  561-5816 

SOCIAL  SECURITY  ACCOUNT  NUMBER 
(ASSOCIATE  INVESTIGATORS 


«ami  Bensinger,  Thomas  A.,  LTC,  MC 

Foreign  Intelligence  Not  Applicable «««»■ POC:  DA 


IX  acvmao.  MACH  -<»  (y)  Rapid  Screening  Techniques; 

(U)  Blood  Preservation:  (U)  Temperature;  (U)  Blood  Respiratory  Function 


IS.  TECHNICAL  OBJECTIVE.  24  APPROACH,  24  PROGRESS  (Fvmtt*  InNIWMVaI  p+tmgf* Aa  l4mntllU4  bf  pr*c*#»  •#  ••ch  Security  Ci—tltcotlrm 

23.  (U)  The  objectives  are  to  devise  an  accelerated  method  for  testing  anticoagulant- 
nutrient  preservatives  by  using  elevated  temperatures;  to  determine  if  rates  of  change 
of  the  observed  parameters  during  storage  are  predictable  on  a chemical-kinetic  basis; 
and  to  apply  such  techniques  to  rapid  screening  of  substances  and  techniques  potentially 
beneficial  to  preservation  of  blood  and  the  therapeutic  effectiveness  of  this  material 
for  treatment  of  battlefield  injuries. 

24.  (U)  Results  have  shown  that  the  rates  of  change  of  functionally  significant  substan- 
ces, such  as  H+,  2,3  diphosphoglycerate  (2,3-DPG),  and  adenosine  triphosphate  (ATP),  in 
blood  stored  at  4 C can  be  predicted  from  observations  at  37  C.  As  rates  of  change  are 
often  30-fold  greater  than  at  4 C,  observations  at  37  C of  the  effects  of  experimental 
anticoagulant-nutrient  preservatives  on  blood  storage  can  be  condensed  to  about  24  hours 
compared  to  35  or  so  days  required  at  4 C.  This  high  temperature  approach  to  such 
screening  will  be  continued  and  extended  to  (a)  optimize  the  composition  of  preservative 
media,  (b)  identify  factors  altering  the  collection  and  storage  lesion,  and  (c)  under- 
stand differences  in  individual  donors  with  respect  to  blood  storageability . 

25.  (U)  76  10  - 77  09  Data  were  obtained  on  human  blood  stored  in  citrate-phosphate- 
dextrose  at  temperatures  between  0 and  8 C to  test  the  hypothesis  (see  DD  form  1498 
dated  76  10  01)  that  small  changes  in  storage  temperature  (between  0 and  8 C)  result  in 
large  biochemical  effects  in  stored  blood.  Storage  at  8 C rather  than  4 C was  detri- 
mental to  the  quality  of  stored  blood  in  terms  of  H ion  accumulation  and  2,3-DPG  deple- 
tion. ATP  is  enhanced  at  one  week  of  storage  at  8 C but  depletes  rapidly  thereafter. 
Storage  at  0 C did  not  yield  expected  improvements  in  organic  phosphate  retention;  fixed 
acid  accumulation  was  lower  than  at  4 C.  The  differences  noted  are  accentuated  by  pro- 
longed (4-6  weeks)  storage. 
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007  Development  of  a Rapid  System  for 

Assessing  Blood  Anticoagulant-Nutrient 
Preservatives 

Measurements  were  made  of  H+,  2,3-DPG,  and  ATP  in  CPD-preserved  human 
blood  at  0,  4,  and  8 C.  Observations  at  4 and  8 C were  consistent  with 
those  reported  previously  at  37,  24,  14,  and  4 C,  i.e.,  they  revealed  a 
predictable  relation  between  storage  temperature  and  the  rates  of 
change  of  the  three  chemical  constituents  which  were  measured.  Blood 
stored  at  0 C did  not  show  the  expected  decrease  in  rate  of  change  of 
the  measured  constituents.  In  general,  the  results  at  this  temperature 
were  the  same  as  those  at  4 C.  On  the  basis  of  these  in  vitro  measure- 
ments, it  is  concluded  that:  1)  the  optimum  liquid  storage  temperature 
of  blood  preserved  in  CPD  is  between  0 and  4 C;  2)  small  temperature 
increases  above  this  range  are  significantly  detrimental  to  the  quality 
of  CPD-stored  blood;  3)  between  37  and  4 C,  temperature  has  a predict- 
able effect  on  changes  of  H+,  2,3-DPG,  and  ATP  in  blood  preserved  in 
CPD,  i.e.  the  changes  proceed  approximately  30  times  faster  at  37  C 
than  at  4 C. 
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WORK  UNIT  NO.  007  Development  ot  a Rapid  System  lor 

Assessing  Blood  Anticoagulant-Nutrient 
Prose r vat ives 


PROBLEM 

The  supply  and  quality  ot  liquid  stored  blood  used  tor  transfusion  pur- 
poses in  wounded  soldiers  can  be  seriously  limited  by  the  exigencies  of 
warfare.  There! ore,  there  is  a unique  military  requirement  for  pro- 
longing the  present  21-day  storage  limit  for  preserved  liquid  blood  and 
Improving  the  quality  ot  this  product.  Most  experiments  designed  to 
Improve  preserved  liquid  blood  generally  are  performed  at  4 L,  pre- 
sumably on  the  pragmatic  ground  t licit  this  temperature  normally  is  used 
for  liquid  blood  storage.  For  several  reasons,  however,  this  pervasive 
experimental  approach  iuav  be  undesirable.  In  the  t list  place,  the 
practice  tends  to  perpetuate  the  notion  that  4 i'  is  the  optimum  tem- 
perature for  blood  storage;  actually,  this  idea  has  not  received 
extensive  experimental  inquiry.  Furthermore,  individual  experiments 
at  4 C usually  require  prolonged  periods  ot  time  (up  t >>  t>  weeks  or  more) 
to  complete.  Because  ot  the  variability  ot  individual  blood  donors  and 
tin-  multiple  permutations  in  storage  conditions  and  preservation  media 
that  mav  require  testing,  satlstactory  experimental  cont idence  in  a new 
media  or  preservation  idea  can  be  slow  in  developing.  Finally,  pheno- 
mena Important  to  the  full  understanding  ot  the  collection  and  storage 
lesions  may  be  suppressed  or  imperfectly  developed  at  4 i' . rherefore, 
the  objective  of  this  work  unit  is  to  devise  accelerated  means  tor 
evaluating  anticoagulant-nutrient  preservative  solutions  (ANPS)  and 
other  variables  affecting  red  cell  storage  in  order  (If  to  economize 
on  valuable  technical  resources,  (2)  t o provide  alternative  theoreti- 
cal approaches  to  understanding  the  deterioration  ot  red  cells  during 
storage,  (3)  to  develop  a scientific  basis  tor  determining  tin1  optimum 
storage  temperature  of  blood.  The  initial  approach  to  this  problem 
has  been  to  study  the  effect  of  temperature  on  blood  storage.  The 
initial  working  hypothesis  to  be  tested  is  whether  or  not  the  rates  of 
change  in  H+,  2,3-DPU,  ATP,  and  other  factors  affecting  tin'  quality  of 
stored  blood  are  altered  by  temperature  in  accordance  with  simple  and 
predictable  thermoklnet ic  considerat ions. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

Blood  from  a pair  of  normal  human  donors  was  collected  in  CPD  using 
standard  techniques  and  equal  portions  of  each  donor's  blood  was  stored 
at  0,  4,  and  8 C.  Immediately  after  withdrawal  and  at  weekly  Intervals 
thereafter  for  a period  ot  n weeks,  observations  were  made  of  P$q  (7.4), 
heme-heme  interaction,  pH  (37  0),  Pq2,  PCO . . 2,3-DPG,  ATP,  and  glucose. 
Five  separate  donor  pairs  have  been  observed  during  this  reporting 
per lod . 


381 


Comparing  the  moan  rates  of  change  in  H+,  2,3-DPG,  and  ATP  observed  at 
8 C with  those  obtained  at  4 C,  the  8 C rates  proceeded,  in  each  in- 
stance, at  about  twice  the  rate  found  at  4 C.  This  doubling  of  the 
rate  of  change  in  these  constituents  for  this  small  temperature  inter- 
val was  consistent  with  predictions  based  on  previous  results  over  a 
much  wider  temperature  span  (37  to  4 C) , and  supports  the  hypothesis 
that  these  changes  are  amenable  to  thermokinetic  (Arrhenius)  analysis. 
Practically  speaking,  it  appears  possible  to  study  blood  storage  at 
high  temperatures  and  extrapolate  these  results  to  4 C.  The  advantage 
of  this  approach  resides  in  the  fact  that  changes  requiring  5 or  6 weeks 
at  4 C are  completed  in  1 or  2 days  at  37  C. 

When  results  at  0 C were  compared  to  those  at  4 C,  no  significant  dif- 
ferences in  the  mean  rates  of  change  in  ll+,  2,3-DPG,  or  ATP  were  found. 
PC02 . however,  was  consistently  higher  at  0 C than  at  4 C.  Consequently, 
when  pH  values  (and  H+  ion)  were  corrected  to  a constant  Pco-^  (40  mm  Hg)  , 
the  rate  of  accumulation  of  fixed  acid  (negative  base  excess)  was  posi- 
tively correlated  with  temperature;  at  0 C,  this  accumulation  rate  was 
approximately  one-third  as  rapid  as  at  8 C and  two-thirds  the  rate 
found  at  4 C. 

Storage  of  blood  at  8 C favors  retention  of  ATP  during  the  first  week 
of  storage;  in  fact,  higher  temperatures  have  frequently  been  found  to 
stimulate  the  generation  of  ATP  during  the  early  storage  period,  even 
though  subsequent  losses  are  at  a faster  rate  than  those  at  lower 
temperatures.  Because  ATP  has  been  found  to  be  related  to  in  vivo 
survivability  of  erythrocytes,  this  biphasic  response  of  ATP  to  tempera- 
ture may  be  important  to  understanding  the  collection  and  storage  lesions. 

One  of  the  more  noteworthy  features  of  the  results  obtained  so  far  has 
been  the  marked  degree  of  variation  found  in  the  rates  of  change  of  the 
various  factors  in  the  individual  donors  that  have  been  measured.  This 
aspect  of  blood  preservation  lias  received  relatively  little  attention, 
probably  because  of  the  difficulties  of  accumulating  sufficient  infor- 
mation from  which  to  construct  viable  hypotheses.  Many  questions  that 
arise  from  the  existence  of  these  individual  differences  can  be 
effectively  pursued  at  elevated  temperatures  (37  C) . 

CONCLUSIONS 

High  temperature  observation  of  stored  blood  appears  to  be  an  effective 
and  economic  means  of  assessing  ANPS  and  studying  the  effects  of  blood 
storage  conditions.  The  relative  effect  ot  storage  on  H+,  2,3-DPG,  and 
ATP  which  are  deemed  important  to  the  clinical  effectiveness  of  trans- 
fused blood,  is  consistently  maintained  at  all  temperatures  investi- 
gated between  37  and  0 C.  High  temperatures  may  unmask  phenomena  (ATP 
generation,  for  instance)  not  always  noted  in  blood  stored  at  4 C. 

Small  Increases  in  storage  temperature  above  4 C significantly  degrade 
the  quality  of  stored  blood  in  terms  of  H+,  2,3-DPG,  and  ATP  (after  the 
first  week)  levels.  Contrary  to  expectation,  0 C storage  did  not  appear 
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superior  (on  the  basis  of  the  direct  chemical  measurements)  to  A C stor- 
age with  the  possible  exception  regarding  fixed  acid  accumulation. 

RECOMMENDATIONS 


These  results  should  be  extended  to  other  ANP  solutions.  High  tempera- 
ture observations  to  test  the  effect  of  dissolved  gases  (especially  C02) 
and  pH  need  to  be  completed. 

in  vivo  erythrocyte  survival  of  blood  stored  at  0 C should  be  tested 
and  compared  to  A C storage. 

Massive  transfusions  of  blood  stored  at  0 C may  be  more  effective  for 
fluid  replacement  therapy  of  shock  than  A C stored  blood  because  of  the 
diminished  acid  load  presented  to  the  organism.  This  hypothesis  should 
be  tested  In  an  appropriate  experimental  animal  model. 
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3S762772A814  Military  Trauma  and  Resuscitation 

008  Anesthetic  Management  and  Peri- 

operative Care  of  the  Acutely 
Wounded  Soldier 

The  following  Investigations  have  been  conducted  under  tills  Work  Unit: 

STUDY  NO.  1 Selection  of  anesthetic  agents  for  administration 
to  the  acutely  wounded  soldier 

STUDY  NO.  2 Evaluation  of  myocardial  performance  during 
anesthes la 

STUDY  NO.  3 Evaluation  of  tri-service  experimental  portable 
volume  respirator 

STUDY  NO.  1.  It  is  not  clear  which  of  the  available  general  anesthetics 
most  closely  maintain  normal  physiological  function  during  moderate 
blood  loss.  We  therefore  have  embarked  upon  a series  of  experiments  to 
provide  data  comparing  several  anesthetic  agents  for  their  ability  to 
preserve  physiological  function  during  moderate  hypovolemia.  In  chroni- 
cally maintained  splenectomized  dogs  who  had  been  provided  with  chronic 
tracheostomies  and  exteriorized  carotid  arteries,  we  have  evaluated 
cardiorespiratory  function  during  graded  hypovolemia.  The  dogs  were 
anesthetized  with  halo thane,  which  was  maintained  at  an  end  tidal  con- 
centration of  1.0%;  step-wise  reductions  of  10,  20,  and  30%  of  each 
dog’s  blood  volume  were  successively  made.  Progressive  hemorrhage  to 
30%  blood  loss  caused  no  significant  changes  in  tidal  volume,  frequency, 
or  minute  ventilation.  However,  significant  reductions  in  mean  arterial 
blood  pressure,  mean  pulmonary  arterial  blood  pressure,  cardiac  output, 
stroke  volume,  left,  ventricular  work,  and  oxygen  transport  occurred. 
Oxygen  consumption  and  base  excess  did  not  change  with  progressive 
hemorrhage.  The  lack  of  change  of  oxygen  consumption  and  base  excess 
with  progressive  hypovolemia  implies  that  the  tissues'  oxygen  demands 
were  satisfied,  and  that  anaerobic  metabolism  did  not  increase  from 
normovolemia  to  30%  oligemia.  With  progressive  hypovolemia  during 
halothane  anesthesia,  end-tidal  to  arterial  oxygen  difference  increased. 
This  was  probably  a result  of  severely  disturbed  pulmonary  ventilation 
to  perfusion  relationships  caused  by  severe  pulmonary  arterial  hypo- 
tens  ion. 

STUDY  NO.  2.  Myocardial  effects  of  anesthetic  agents  will  be  evaluated 
in  the  right  heart  pulmonary  bypass  swine  model.  The  model  has  been 
perfected,  and  pilot  studies  performed. 

STUDY  NO.  3.  Through  the  U.S.  Naval  Medical  Research  and  Development 
Command,  this  laboratory  has  received  for  evaluation  for  the  U.S.  Army 
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Medical  Research  and  Development  Command  a prototype  model  of  the  tri- 
service  experimental  portable  volume  control  respiratory.  The  venti- 
lator is  being  evaluated  for  compliance  with  its  specifications  as  well 
as  for  compliance  with  the  American  National  Standard  for  Breathing 
Machines  for  Medical  Use  (ANSI  Z79. 7-1976).  Bench  testing  is  currently 
in  progress. 
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WORK  UNIT  NO.  008  Anesthetic  Management  and  Peri- 

operative Care  of  the  Acutely 
Wounded  Soldier 

STUDY  NO.  1 Selection  of  anesthetic  agents  for 

administration  to  the  acutely 
wounded  soldier 

PROBLEM 


The  physiological  effects  of  many  of  the  currently  used  anesthetic 
agents  are  known  in  great  detail  in  both  laboratory  animals  and  humans. 
However,  little  information  is  available  regarding  the  physiological 
effects  of  these  agents  during  states  of  deranged  physiology.  This  is 
especially  true  regarding  the  effect  of  anesthetic  agents  during  the 
hypovolemic  state.  This  lack  of  knowledge  is  most  likely  the  result 
of  usual  civilian  practice  of  restoring  blood  volume  to  normal  prior 
to  induction  of  anesthesia.  In  the  vast  majority  of  civilian  injuries, 
this  is  not  only  desirable  but  possible.  Unfortunately,  the  nature  and 
extent  of  many  military  injuries  require  induction  and  maintenance  of 
anesthesia  in  an  acutely  hypovolemic  soldier  in  order  that  a surgical 
procedure  may  be  performed  to  prevent  further  blood  loss  and  enable 
restoration  of  blood  volume.  The  choice  of  anesthetic  agents  in  this 
situation,  at  the  current  time,  can  only  be  based  upon  anecdotal  infor- 
mation, personal  preferences,  and  experience  of  the  anesthesiologist. 

Therefore,  we  have  embarked  upon  a series  of  experiments  to  provide 
data  by  which  the  physiological  effects  of  several  anesthetic  agents 
during  moderate  hypovolemia  may  be  compared. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Five  splenectomized  dogs  with  chronic  tracheostomies  and  exteriorized 
carotid  arteries  have  been  studied  during  halothane  anesthesia.  With- 
out premedication,  the  dogs  were  anesthetized  with  halothane,  which 
was  maintained  at  an  end  tidal  concentration  of  1.0%.  Venous,  carotid 
arterial,  and  thermodilution  pulmonic  arterial  catheters  were  placed 
percutaneously , and  cardiorespiratory  measurements  made.  Each  animal 
was  bled  in  a step-wise  fashion  by  removal  of  10,  20,  and  30%  of  his 
or  her  blood  volume,  and  the  measurements  repeated  at  each  level  of 
oligemia.  Ventilation  was  measured  by  a Wedge  Spirometer  attached  to 
the  circle  breathing  system  through  a bag-in-a-box.  Systemic  and 
pulmonic  arterial  blood  pressures  were  measured  by  transducers,  and 
cardiac  output  by  a thermodilution  technique  in  which  an  analog  compu- 
ter was  utilized.  The  animals  were  allowed  to  breath  spontaneously  at 
all  times.  End  tidal  was  controlled  so  as  to  maintain  arterial  Pq^ 
at  100  torr. 
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Hypovolemia  to  30%  blood  loss  caused  no  significant  change  in  respira- 
tory frequency,  tidal  volume,  or  minute  ventilation. 

With  progression  from  normovolemia  to  30%  hypovolemia,  there  were  sig- 
nificant changes  in  systemic  mean  blood  pressure  (95.6+3.4  to  67.4+5.6 
torr) , mean  pulmonary  arterial  pressure  (10.1+2.4  to  2. 0+3. 2 torr) , 
cardiac  output  (115.8+17.3  to  73.3113.3  ml/min/kg) , stroke  volume 
(1.12+0.11  to  0.60+0.11  ml/kg),  left  ventricular  minute  work  (343.2+48.8 
to  156.0+28.1  g meters/min) , and  oxygen  transport  (19.6+3.2  to  10.7+2.1 
ml  02/min/kg).  No  changes  were  noted  in  oxygen  consumption  (4.10+0.22 
to  4.04+0.31  ml/min/kg)  or  base  excess  (-3. 3+0.8  to  -3. 5+1. 2 mKq/1) . 
End-tidal  to  arterial  oxygen  tension  difference  increased  during  pro- 
gressive hypovolemia  (3b. 8+7. 2 to  86.4+31.0  torr).  No  changes  were 
noted  in  either  arterial  pH  (7.337+0.009  to  7.312+0.014)  or  arterial 
PC0o  (41.8+1.3  to  40.6+2.2). 

In  the  operating  room,  anesthesiologists  can  measure  arterial  blood 
pressure  and  heart  rate,  and  observe  changes  in  respiratory  frequency 
and  tidal  volume.  Hypovolemia  during  halotiiane  anesthesia  does  not 
cause  changes  in  observed  respiratory  variables  but  does  cause  a 
dramatic  decrease  in  arterial  blood  pressure.  Ordinarily,  hypotension 
is  to  be  avoided  for  fear  of  detrimental  decreases  in  tissue  oxygena- 
tion. Although  hemorrhage  during  halo thane  anesthesia  caused  a 
decline  in  cardiac  output,  arterial  blood  pressure,  and  oxygen  trans- 
port, total  body  oxygen  consumption  did  not  change,  nor  was  base  excess 
altered.  We  conclude  that,  despite  the  fall  in  oxygen  transport,  the 
lack  of  change  in  oxygen  consumption  and  base  excess  with  progressive 
hypovolemia  imply  that  the  tissues'  oxygen  demands  were  satisfied,  and 
that  anaerobic  metabolism  did  not  increase  from  normovolemia  to  30% 
oligemia. 

Although  tissues  seemed  to  fare  quite  well  during  hypovolemia  to  30% 
during  halothane  anesthesia,  this  was  not  true  for  gas  exchange.  The 
increasing  difference  between  end-tidal  and  arterial  Pq0  with  pro- 
gressive hemorrhage  during  halothane  anesthesia  was  probably  a result 
of  severely  disturbed  pulmonary  ventilation  to  perfusion  relationships 
caused  by  severe  pulmonary  arterial  hypotension,  because  ETaDOo  re- 
turned to  its  original  value  with  the  return  of  shed  blood. 

CONCLUSIONS 

Oligemia  to  30%  blood  loss  during  halothane  anesthesia  results  in  de- 
creased systemic  and  pulmonic  arterial  blood  pressures,  cardiac  output, 
stroke  work,  minute  work,  and  oxygen  transport.  ETaDOj  is  increased 
probably  as  a result  of. altered  V/Q.  Respiratory  frequency,  tidal 
volume,  minute  volume,  Vo2,  base  excess,  pH  and  P<jq  do  not  change. 

The  lack  of  change  of  Vo2  and  base  excess  indicate  chat  anaerobic  meta- 
bolism does  not  increase  with  30%  hemorrhage  during  halothane  anesthesia. 
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RECOMMENDATIONS 

Recommendation  for  choice  of  anesthetic  agent  given  to  an  injured 
soldier  cannot  be  made  until  the  effects  of  other  anesthetic  agents  are 
compared  with  the  effects  of  halothane.  Therefore,  it  is  recommended 
that  (1)  further  physiological  studies  be  carried  out  to  assess  physio- 
logical effects  of  halothane  during  graded  hypovolemia;  (2)  other  anes- 
thetic agents  be  similarly  investigated  so  that  their  effects  may  be 
compared  with  the  effects  of  halothane  and  (3)  offer  information  to 
enable  anesthesiologists  to  maxe  a more  rational  choice  regarding  the 
proper  anesthetic  agent  for  utilization  in  the  anesthetization  of  the 
acutely  wounded  soldier. 

PUBLICATIONS 

None 


STUDY  NO. 


Evaluation  of  myocardial  performance 
during  anesthesia 


PROBLEM 


Although  it  is  generally  felt  that  anesthetic  agents  are  myocardial 
depressants,  firm  physiological  data,  with  all  appropriate  variables 
controlled,  are  not  available.  We  have  therefore  undertaken  a series 
of  experiments  to  provide  such  data. 

The  swine  right  heart  pulmonary  bypass  model  will  be  utilized.  This 
model  has  been  perfected  at  LAIR,  and  pilot  experiments  have  been 
successfully  carried  out. 

RESULTS  AND  DISCUSSION  OK  RESULT S 


None 

CONCLUSIONS 


None 

RECOMMENDATIONS 


None 

PUBLICATIONS 


None 
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STUDY  NO.  3 Evaluation  of  tri-service  experimental 

portable  volume  respirator 

PROBLEM 

All  3 military  uniformed  services  have  recognized  the  need  for  a port- 
able volume  controlled  ventilator  capable  of  ventilating  injured  mili- 
tary personnel  in  the  field,  as  well  as  during  any  one  of  the  many 
modes  of  transportation  and  evacuation  of  injured  personnel  as  well  as 
in  the  hospital  environment.  Currently,  commercially  available  venti- 
lators cannot  meet  these  requirements.  As  a result,  primarily  through 
the  Office  of  Naval  Research,  General  Electric  Re-entry  and  Environ- 
mental Systems  Division  has  produced  an  experimental  ventilator  designed 
to  meet  these  needs.  Twelve  prototypes  have  been  produced.  This 
prototype  now  requires  full  laboratory  and  clinical  testing  prior  to 
acceptance  by  the  3 services  for  production  and  deployment. 

RESULTS  AND  DISCUSSION  OF  RESULTS 

This  laboratory  received  a prototype  of  this  experimental  ventilator. 

As  a result  of  multiple  electrical  problems,  the  initial  model  was 
returned  to  the  contractor,  repaired,  and  returned  to  this  laboratory. 
Bench  testing  is  currently  underway  to  judge  whether  or  not  this  experi- 
mental ventilator  meets  all  specifications  of  the  contract  as  well  as 
the  requirements  of  the  American  National  Standard  for  Breathing 
Machines  for  Medical  Use  as  promulgated  by  the  American  National 
Standards  Institute  (Z79 . 7-19 76) . 

CONCLUSIONS 

None 

RECOMMENDATIONS 

Testing  and  evaluation  of  this  experimental  ventilator  be  continued. 

PUBLICATIONS 

None 
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23.  (ll)  Ccmbat  injuries  produce  a uniquely  severe  form  of  stress  to  normal  metabolism. 
Within  days  following  significant  military  injury,  21%  of  body  muscle  mass  will  have 
been  lost.  Improved  techniques  of  metabolic  support  may  minimize  tills  deleterious  body 
compositional  change,  maximize  wound  healing,  and  reduce  morbidity.  The  objective  of 
these  studies  is  to  develop  optimal  post-traumatic  metabolic  support  techniques  and 
formulae  to  facilitate  rapid  return  to  duty. 

24.  (10  An  in  vitro  perfused  rodent  hind  limb,  wounded  to  simulate  combat  Injury,  has 
been  prepared.  In  this  preparation,  we  will  (a)  study  the  effects  of  post-trauma  hor- 
monal milieu  on  normal  and  wounded  muscle  substrate  utilization,  (b)  design  a post- 
traumatic  regimen  which  can  be  deployed  in  field  settings,  (c)  test  formulae  in  higher 
animals,  and  (d)  investigate  formulae  in  traumatized  man. 

25.  (H)  76  10  - 77  09  Three  sections  have  been  developed  under  the  work  unit  during 
this  period:  (1)  an  in  vitro  perfused  rodent  hind  limb  model,  (2)  a chronic  rhesus 
monkey  intravenous  nutrition  model,  and  (3)  an  effective  clinical  nutritional  support 
service.  The  perfused  hind  limb  model  has  been  evaluated  for  physiological  stability 
and  hormone  sensitivity,  and  data  collection  are  underway.  In-house  substrate  analyses 
have  been  developed  for  lactate,  pyruvate,  glucose,  urea,  ATT,  ADP,  AMP,  creatine  phos- 
phate, glycerol,  FFA , acetoacetate , g-hydroxybutyrate,  DNA,  KJeldahl  nitrogen  and  gas- 
liquid  chromatography  for  plasma  fatty  acids.  The  rhesus  model  has  been  established  to 
evaluate  intravenous  solutions  to  minimize  body  compositional  changes  following  trauma. 
Data  are  currently  being  gathered  which  will  delineate  methods  to  improve  etficiency  of 
protein  utilization  in  combat  injured  man.  The  nutritional  support  service  has  cared 
tor  134  patients  requiring  intravenous  support  during  this  period  (over  3500  patient 
days).  These  critically  ill  patients  provide  a useful  data  base  for  evaluation  ot  the 
practicality  of  Implementation  and  safe  monitoring  of  intravenous  nutritional  support 
under  combat  conditions. 
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ABSTRACT 


PROJECT  NO.  3S 7 1> 2 7 7 2 A8 1 A Military  Trauma  and  Resuscitat Ion 

WORK  UNIT  NO.  009  Metabolic  Support  Following  Combat  Injury 

Tin*  tol lowing  investigations  are  being  conducted  under  this  Work  Unit: 

STUDY  NO.  I Metabolic  support  following  combat  Injury 

STUDY  NO.  2 Effects  of  the  ratio  of  carbohydrate  calories  to  pro- 
tein supplied  Intravenously  In  minimizing  body  compo- 
sitional loss  following  combat  injury 

STUDY  NO.  .1  Effects  of  surgical  dressings  and  procedures  on  skin 
bacteria  surrounding  venous  catheters 

STUDY  NO.  1.  A model  has  been  developed  in  180-200  g male  rats  which 
permits  Isolation  ol  skeletal  muscle  metabolism  apart  from  the  re- 
mainder of  the  animal.  As  a consequence,  the  influence  ot  neurohunteral 
control  and  substrate  supply  on  skeletal  muscle  metabolism  can  l>e  care- 
fully controlled.  initial  evaluation  ol  the  preparation  Involved  de- 
termination ol  tile  presence  of  adequate  perfusion  and  normal  hormonal 
sens  it iv  it  y . 

Adequate  tissue  oxygenation  was  demonstrated  by  examination  ol  oxygon 
consumption  and  tissue  adenine  nucleotide  and  phosphocroat ine  concen- 
trations following  perfusion,  which  were  found  to  agree  with  In  vivo 
values  (mmole/g  wet  wl , X+SEM) . (ATP  5.7740.24,  ADP  2.21+0.10, 

PCr  15.85+0.70,  0^  consumption  9 pmole/rnin/ 100  g 8W) . Lactate  produc- 
tion of  1.02+0.17  pmol  e/niin/100  g 8W  compared  with  published  values  of 
l.lb  prao.le/min/ 100  g HW  by  other  Investigators,  Hormonal  sensitivity 
was  demonstrated  by  increased  glucose  clearance  at  25  punits  per  ml  and 
further  statistically  significant  increases  in  clearance  at  100,  500, 
and  1,000  pun  1 1 s/ml . As  a consequence  of  these  preliminary  data,  the 
Isolated  perfused  rat  hindquarter  appeared  to  oiler  an  acceptable 
experimental  model  in  which  to  study  hormone-substrate  inter- 
relationships in  muscle  and  specifically  to  investigate  the  effect  ol 
the  post-trauma  hormonal  milieu  on  substrate  utilization  In  muscle. 

STUDY  NO.  2.  Four  rhesus  monkeys  (Maeaca  mulatto)  were  chaired  to 
allow  continuous  intravenous  infusion  of  nutrient  solutions  designed 
to  replace  the  monkey's  dally  dietary  regimen.  Initial  problems  with 
catheter  placement  and  dietary  requirements  were  encountered,  requir- 
ing extensive  Investigation  ol  caloric,  protein,  and  micronutrient 
requirements  of  chaired  versus  unrestrained  monkeys,  and  modifications 
of  catheter  placement.  These  investigations  are  concluding  at  pres- 
ent, and  It  is  felt  that  the  chaired  Rhesus  monkey  model  will  prove 
Invaluable  In  evaluating  manipulations  in  hormone  and  substrate 
supply  In  decreasing  body  composition  loss  following  trauma. 
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STUDY  NO.  3.  This  protocol  is  currently  undergoing  LAIR  review.  The 
proposal  is  designed  to  determine  objectively  the  optimal  techniques 
for  central  venous  catheter  dressing  care.  As  a consequence  of  this 
study,  a safe,  effective,  manpower-efficient  method  should  be  developed 
to  protect  the  combat  injured  from  sepsis  secondary  to  central  venous 
catheterization. 


BODY  OK  KKI’OKT 


WORK  UNIT  NO.  l)l)*>  Metabolic  Support  following  Combat  Injury 

STUDY  NO.  I Metabolic  support  following  combat  Injury 

I'KOBl.m 

Combat  Injured  man  presents  the  most  pronounced  example  ol  stress 
metabolism.  The  human  metabolic  response*  to  this  tvpe  ol  trauma  is 
one  ol  extreme  catabolism  which  olteu  results  in  body  compositional 
losses  ol  over  l kg  (J.J  lb)  dally.  These  compos  1 1 Iona  1 changes  re- 
tied losses  ol  stored  carbohydrate  (glycogen) , triglycerides  (subcu- 
taneous I at ) , and  muscle  mass,  which  are  rapidly  utilized  lor  energy 
by  the  altered  post -t rauma  metabolism.  it  has  been  shown  with  severe 
Injury  that  the  loss  oi  body  nitrogen  is  accelerated  irom  1 t o *>  g per 
day  t «.>  a range  ot  I S-  U)  g (sSO-DOO  g muscle)  per  day  tor  several 
days.  Caloric  supply  during  this  period  will  spare  body  tat,  but  tuts 
little  ettect  on  loss  ol  body  nitrogen. 

Body  tat  is  considered  an  efficient  I ot  ui  ol  stored  calories,  and  its 
utilization  tor  this  end  during  periods  ot  high  calorie  requirements 
is  not  generally  considered  del r iiuent a l . However,  muscle  is  an  impor- 
tant structural  element,  and  as  a consequence,  relatively  small  losses 
ih  muscle  mass  result  in  sign  It  leant  alterations  in  total  body  (unc- 
tion. l.oss  o!  limb  muscle  mass  leads  t o marked  weakness  and  Impaired 
mobility.  l.oss  ot  intercostal  and  diaphragmatic  muscle  mass  leads  t o 
inability  to  clear  bronchial  secretions  and  may  result  In  pneumonia 
and  death. 

The  Interrelationship  between  the  general  biochemistry  ot  Injury  and 
convalescence  and  the  local  changes  ot  wound  healing  has  not  been 
Investigated  in  detail,  baric  wound  healing  also  occurs  during  a 
period  ol  negative  energy  balance,  i.e.,  general  catabolism.  There 
is  clearly  a very  high  biological  priority  of  the  wound  in  the  early 
days  and  weeks  at  ter  Injury.  This  favored  biological  priority,  how- 
ever, Is  transient.  Due  t o two  weeks  tol lowing  trauma,  there  is  a 
prolonged  phase  ot  protein  synthesis  anil  llpogcucsis  t o restore  t is- 
sue mass  t o normal.  At  this  point.  It  intake  ot  toodstutts  can  be 
resumed,  wound  healing  moves  normally  toward  completion.  li,  however, 
there  Is  prolonged  starvation  ot  cont  iuueil  catabolism,  the  wound  must 
begin  t o compete  with  other  t issues  I oi  substrate,  and  wound  healing 
begins  t o suffer  severely. 

The  objective  ot  this  investigation  Is  t o develop  a specific  thera- 
peutic regimen  tor  post -t raumat  ic  metabolic  support  that  will  facili- 
tate the  rate  ot  wound  healing  while  minimi.' lug  body  compos  it  lonal 
changes.  The  steps  necessary  to  accomplish  this  objective  are  as 
follows:  (11  investigation  o!  the  effect  ol  the  post -trauma  hormonal 

milieu  i*u  substrati'  utilization  by  normal  muscle;  (,')  investigation 
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of  substrate  utilization  by  wounded  muscle  and  the  alte 
utilization  by  the  post -l rauma  hormonal  abnormalities; 
post-trauma  therapeutic  regimen  based  on  steps  1 and  2 
mize  the  rate  of  wound  healing  while  minimizing  muscle 
changes;  (4)  Investigation  of  this  formula  in  traumatiz 
human  primates;  (5)  Investigation  ot  this  formula  In  tr 
and  (.o')  im'd  l f Iciit  Ion  of  this  formula  as  necessary  for  l 
use  under  combat  conditions. 

RESULTS  AND  DISCUSSION  OK  RESULTS 


rations  in  this 
(1)  design  of  a 
that  will  maxi- 
composit ional 
ed  dogs  and  non- 
aiunatized  man; 
easlbllitv  of 


l‘he  tlrst  phase  ot  this  study  Involved  development  of  the  experimental 
model  t o study  muscle  metabolism  in  situ.  The  Isolated  pert  used  rat 
hlndquarter  technique  was  developed  and  evaluated  for  viability  and 
ettect  ot  Insulin  on  glucose  clearance. 

The  preparation  maintained  constant  glucose  uptake  and  oxygen  consump- 
tion with  minimal  lactate  production  for  80  minutes  of  pertusion.  Ade- 
quacy ot  tissue  pertusion  was  shown  by  tissue  concentrations  of  adenine 
nucleotides  ami  phosphocreat ine  comparable  to  In  vivo  levels  (AIT 
5.  77*0.24,  ADI*  2.2*0.10,  AMT  0.81*0.22,  and  phosphocreat ine  15.85*0. 70 
inmoles/g  wet  muscle).  In  addition,  lactate  production  was  minimal 
(1.02*0.17  pmoles/mln/100  g BW)  and  the  preparation  consistently  main- 
tained a venous  perfusate  lactate/pyruvate  ratio  of  *10/1. 

The  response  of  glucose  clearance  t o increasing  perfusate  insulin 
concent  rat  Ions  was  evaluated.  Insulin  doses  of  0,  25,  100,  500,  and 
1,000  imnlts/ml  produced  changes  in  glucose  clearance  of  0.11*0.01, 
0.16*0.03,  0.17*0.02,  0.32*0.02  and  0.44*0.03  ml/mln/100  g BW,  respec- 
tively. Although  in  this  study  an  insufficient  number  of  animals  (3) 
were  done  at  the  25  nunlt/tul  insulin  concentration  to  prove  a statis- 
tically significant  Insulin  response,  the  preparation  is  obviously 
extremely  Insulin  sensitive.  In  addition,  previous  studies  with  this 
preparation  have  shown  a significant  Increase  In  glucose  clearance  at 
the  25  punlt/ml  concentration. 

To  Investigate  the  changes  In  substrate  utilization  under  the  effect 
of  the  post -trauma  hormonal  milieu,  analyses  for  substrate  concent  ra- 
tions were  necessary.  As  a consequence,  assays  for  lactate,  pyruvate, 
glucose,  urea,  AT P,  ADD,  AMT,  phosphocreat Ine,  glycerol,  tree  fatty 
acids,  acetoacetate , S-hydroxvbutyrate,  Kjeldahl  nitrogen,  and  gas 
liquid  chromatographic  separation  of  individual  fatty  acids  have  been 
established  In  this  period. 

CONCLUSIONS 


A viable  hormonally  sensitive  in  vitro  preparation  has  been  established 
to  study  the  metabolic  response  ot  skeletal  muscle  to  the  post-trauma 
hormonal  milieu.  Methods  for  measuring  perfusate  concentrations  of 
various  substrates  have  been  established  to  allow  Investigation  ot 
hormone-substrate  interrelat lonshtps. 


RECOMMEND AT I ONS 


With  completion  ot  preliminary  evaluation  ot'  the  in  vitro  model  and 
with  established  methods  for  substrate  analysis,  it  Is  recommended  that 
the  experiments  outlined  in  the  Initial  protocol  be  conducted. 

PUBLICATIONS 

1.  CALDWELL,  M.D.,  J.H.  EXTON,  and  W.W.  LACY.  Effect  of  gluco- 
corticoids on  substrate  utilization  by  muscle.  (Abstract)  Fed  Proc 
3b: 327 , 1977 

STUDY  NO.  2 Effects  of  the  ratio  of  carbohydrate 

calories  to  protein  supplied  intra- 
venously in  minimizing  body  composi- 
tional loss  following  combat  injury 


PROBLEM 


Tissue  catabolism  following  the  stress  of  trauma,  sepsis,  and  major 
surgery  is  a common  and  well  established  phenomenon.  The  consequences 
stemming  from  this  catabolic  state  are  protean  and  include  generalized 
muscle  wasting,  impaired  wound  healing,  and  impaired  immune  response. 
Deterioration  in  any  of  these  critical  factors  compounds  any  clinical 
problem  leading  to  further  complications  ami  potentiation  of  the  cata- 
bolic state. 

The  catabolic  response  to  trauma  wltti  resultant  changes  in  body  compo- 
sition is  thought  to  be  secondary  to  a complex  interrelationship  be- 
tween the  post-trauma  hormonal  milieu  and  exogenous  substrate  supply. 

In  recent  years,  due  to  the  advent  of  total  parenteral  nutrition,  it 
has  become  possible  to  reduce  and  In  some  cases  reverse  this  catabolic 
cycle  by  vigorous  intravenous  nutritional  support.  It  has  been  proposed 
that  an  optimal  relationship  exists  between  endogenous  hormonal  flux 
and  exogenous  substrate  provision  that  will  minimize  body  compositional 
change  following  trauma.  This  has  yet  to  be  determined.  In  addition, 
when  intravenous  nutrition  is  used  under  combat  conditions,  a decrease 
in  the  amount  of  intravenous  protein  necessary  for  each  individual 
would  result  in  substantial  savings  in  transport  space  and  weight. 

This  also  facilitates  our  logistic  capabilities  for  providing  this 
type  of  therapy. 

RESULTS  ANl)  DISCUSSION  OF  RESULTS 

The  first  phase  of  this  study  involved  establishment  of  the  experi- 
mental model.  This  Involved  chronically-maintained  male  rhesus  monkeys 
with  indwelling  central  venous  catheters.  Two  specific  problems  were 
encountered:  (1)  available  data  regarding  the  nutrient  requirements 

for  7 kg  monkeys  were  found  to  be  in  error  lor  chaired  monkeys.  When 
nutrients  were  supplied  intravenously  to  meet  reported  requirements. 
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the  monkeys  uniformly  lost  0.5  to  1.0  kg  body  weight  and  had  a marked 
loss  of  subcutaneous  fat.  (2)  Broviac  silastic  catheters  were  placed 
in  the  internal  jugular  vein  and  guided  through  a subcutaneous  tunnel 
to  exit  over  the  occipital  region.  This  site  of  exit  was  found  to 
provoke  chronic  head-shaking  with  chronic  catheter-cutaneous  Junction 
irritation  and  eventual  catheter  sepsis  in  3 monkeys. 

As  a consequence  of  the  above  problems,  a new  satisfactory  method  for 
catheter  placement  lias  been  devised  and  a detailed  study  ot  nutrient 
intake  in  chaired  monkeys  has  been  completed.  The  latter  study  lias 
revealed  that  chaired  monkeys  require  a 75  to  80%  increase  in  calorie 
intake  to  maintain  stable  body  weight  and  nitrogen  equilibr ituu.  As  a 
consequence,  maintenance  intravenous  nutrient  solutions  have  been  de- 
signed for  chaired  monkeys  to  allow  progression  of  this  protocol. 

CONCLUSIONS 

A chronically  maintained  monkey  model  on  complex  intravenous  nutrition 
is  feasible  and  available  to  evaluate  intravenous  nutrient  manipulations 
designed  to  limit  body  compositional  loss  following  combat  injury. 

RECOMMENDATIONS 

It  is  recommended  that  this  model  be  used  to  collect  data  referrable 
to  the  effect  of  altered  nonprotein  calorie/nitrogen  ratios  of  intra- 
venous solutions  on  body  composition. 

PUBLICATIONS 

None 

STUDY  NO.  3 Effect  of  surgical  dressings  and  pro- 

cedures on  skin  bacteria  surrounding 
venous  catheters 
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In  a recent  report,  the  Center  for  Disease  Control  has  suggested  that 
the  incidence  of  Infectious  complications  from  central  venous  catheters 
is  directly  related  to  the  type  of  skin  preparation  prior  to  catheter 
insertion,  the  type  of  catheter  care  following  insertion,  and  the  dura- 
tion of  central  venous  catheterization.  An  additional  factor  is  the 
occurrence  of  simultaneous  sepsis  from  other  sources  in  the  patient 
(i.e.,  a patient  with  wound  sepsis  and  concomitant  bacteremia  will  have 
a higher  incidence  of  catheter  sepsis  due  to  the  foreign  body  of  the 
catheter  in  this  patient's  blood  stream). 


The  Department  of  Surgery,  LAIR,  has  proposed  guidelines  for  the  opti- 
mal care  of  central  venous  catheters.  The  rationale  for  some  of  the 
procedures  stems  from  empirical  knowledge,  extrapolation  of  in  vitro 
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studies,  and  an  old  body  of  published  In  vivo  investigations.  Their 
particular  procedures  have  not  been  prospectively  examined  from  a 
microbial  and  ecologlc  viewpoint.  To  date,  the  experience  reveals  a 
01  Incidence  of  central  venous  catheter  Induced  sepsis  In  over  3, SOD 
patient  days.  Although  the  guidelines  are  probably  responsible  in  part 
tor  the  low  Incidence  of  nosocomial  infections  on  the  wards,  supportive 
experimental  data  are  lacking. 

The  Vietnam  conflict  saw  the  t list  wide-spread  use  of  subclavian 
catheterization  techniques  for  rapid  fluid  administration  and  monitor- 
ing ot  central  venous  pressures.  The  use  of  the  subclavian  vein  as  an 
easily  accessible  route  tor  Intravenous  fluid  administration  and  t or 
central  venous  pressure  monitoring  was  stressed  by  the  tact  that  a 
detailed  description  ot  this  technique  was  given  in  the  NATO  handbook, 
Emergency  War  Surgery.  In  addition,  Hardaway  (.NATO  handbook)  reported 
that  suprac lav icular  puncture  ot  a subclavian  vein  was  a routine  method 
tor  administering  intravenous  fluids,  obtaining  venous  blood  samples, 
and  measuring  central  venous  pressure  In  the  Vietnam  conflict. 

l'hc  combat  injured  soldier  is  at  a particularly  high  risk  for  the 
development  of  a central  venous  catheter  lutectlous  complication  t or 
the  following  reasons;  (.1)  skin  preparation  prior  to  catheter  inser- 
tion Is  often  necessarily  minimal  due  t c*  time  constraints,  and  conse- 
quently, may  be  Inadequate;  (')  since  no  organized  method  of  central 
venous  catheter  care  has  been  established  for  the  combat  Injured,  It 
may  be  that  care  ot  the  catheter  entry  site  and  care  of  the  intravenous 
line  t o prevent  infect  Ion  Is  absent;  and  ( 1)  the  principal  cause  of 
post oporat  l ve  death  In  combat  injured  individuals  is  sepsis.  The  septic 
origin  Is  generally  that  ot  the  combat  wound.  The  presence  of  this 
unitormallv  infected  wound  in  a patient  with  a chronically  indwelling 
foreign  bodv  In  his  venous  system  significantly  Increases  the  changes 
ot  catheter  eolonlzat Ion  with  resultant  cat het or- induced  sepsis  as  well. 

lo  highlight  the  concern  over  catheter  sepsis  under  combat  conditions, 
the  111  NCI*  AC  Hh  War  Conference  Manual  has  recommended:  (!)  changing 
central  venous  catheters  every  s8  to  72  hours,  and  (2)  meticulous 
dressing  changes,  to  Include  defatting  the  skin  and  application  of 
antibiotic  (Neosporln)  ointment.  This  approach  Increases  the  risk  ot 
mechanical  catheter  complications  (e.g.,  tension  pneumothorax,  hvdvo- 
or  hemothorax,  subclavian  arterial  injury,  brachial  plexus  Injury)  due 
to  repeated  percutaneous  subclavian  catheterization.  In  addition, 
Neosporln  ointment  Is  not  fungicidal,  and  In  current  practice  of  cen- 
tral venous  catheter  care,  routine  use  of  Betadine  rather  than  Neo- 
spor  In  ointment  Is  recommended.  (There  is  recent  evidence  to  suggest 
that  the  manner  of  skin  cleansing  is  more  Important  than  the  type  of 
antibiotic  ointment  used  in  a civilian  patient  population.) 

therefore,  studies  to  investigate  a method  ot  skin  preparation  that  Is 
ettectlve  and  can  be  performed  rapidly.  In  conjunction  with  studies 
to  evaluate  types  of  dressing  techniques  t or  maintenance  ot  central 
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venous  catheters  should  be  extremely  advantageous  in  preventing  an 
accelerated  incidence  of  catheter-induced  sepsis  in  combat  injured 
soldier . 

The  goals  of  this  study  are  to  optimize  dressing  care  of  central  venous 
catheters  inserted  under  combat  conditions:  (1)  to  improve  or  modify 
dressings  and  central  venous  catheter  care  and  procedures  which  mini- 
mize risk  of  infection;  and  (2)  to  design  a simple  kit  for  combat  con- 
ditions that  will  facilitate  central  venous  catheter  care. 

MISULTS  AND  DISCUSSION  OF  RESULTS 

Since  this  is  a new  protocol,  no  data  have  been  generated  to  date. 
However,  to  allow  this  and  other  future  clinical  protocols  to  be 
Implemented,  a LAlR-based  clinical  service  lias  been  established  at 
LAMC.  To  date  this  service  has  participated  in  the  care  of  140  patients 
totaling  over  4,000  patient  days  of  involvement.  These  are  patients 
requiring  intense  intravenous  nutritional  support  with  nutrient  demands 
and  body  compositional  losses  similar  to  those  seen  following  combat 
injury. 

CONCLUS IONS 

A large  patient  data  base  has  been  established  for  clinical  evaluation 
of  the  efficacy  and  safety  of  methods  designed  to  supply  intravenous 
nutrition  to  combat  casualties.  Data  collection  is  highly  organized 
with  the  use  of  computer  technology  and  patient  care  is  carefully 
supervised.  This  data  base  will  prove  invaluable  for  this  and  future 
clinical  protocols. 

RECOMMENDATIONS 


It  is  recommended  that  new  protocols  be  designed  to:  (1)  predict  those 
patients  at  risk  from  nutrient  deficits  following  severe  stress; 

(2)  to  monitor  patient  progress  during  intravenous  nutrition  when 
simple  field-available  laboratory  techniques  are  used;  and  (3)  to 
evaluate  changes  in  nutrient  supply  on  body  composition  and  return  to 
normal  function. 

PUBLICATIONS 


None 
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23.  (D)  Combat  wounds  are  sustained  in  adverse  environments  and  frequently  they  are 
wounds  characterized  by  massive  tissue  devitalizat ion  produced  by  modern  ordnance.  In- 
jection and  delayed  healing  complicate  these  more  frequently  than  wounds  seen  in  civi- 
lian Institutions.  Wound  complications  resulting  from  minor  as  well  as  massive  injuries 
not  only  jeopardize  recovery  but  prolong  hospitalization  and  delay  return  to  duty. 

Roles  played  bv  systemic  factors  during  wound  healing  are  poorly  understood.  Under  this 
work  unit,  the  effects  of  various  resuscitation  modalities  and  post-traumatic  metabolic 
regimens  on  wound  healing  and  resistance  to  infection  will  be  investigated.  The  results 
will  be  translated  into  management  techniques  to  provide  the  optimal  systemic  milieu  for 
combat  wound  healing. 

24.  (ll)  Skin,  subcutaneous,  fascial,  and  gastrointestinal  wounds  will  be  created  in 
rats,  rabbits,  and  dogs  subjected  to  hemorrhage,  shock,  and  skeletal  and  soft-tissue 
trauma.  The  effects  of  various  resuscitative  regimens  with  blood  and  blood  substitutes, 
and  of  post-traumat ic  metabolic  support  with  micronutrients,  hormones,  vitamins,  and 
trace  elements  on  the  healing  and  resistance  to  infection  of  these  wounds  will  bo  evalu- 
ated with  microbiological,  biochemical,  morphologic,  and  tensiometric  techniques. 

25.  ill)  7b  10  - 77  09  A wound  healing  laboratory  was  established  and  methods  were 
adapted  to  measure  in  soft  tissue  and  osseous  wounds  the  following;  protein,  collagen 
content,  respiratory  gases,  and  tensile  and  bursting  strengths.  Due  to  the  departure  of 
the  principal  investigator  and  a shortage  of  personnel,  the  work  unit  is  being  termi- 
nated. The  established  laboratory  and  techniques  will  he  used  to  support  osseous  tissue 
healing  Investigations  and  surgical  metabolism  studies  in  other  work  units. 
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PROJECT  NO.  3S762772A814  Military  Trauma  and  Resuscitation 

WORK  UNIT  NO.  010  Systemic  Factors  in  the  Prevention  of 

Wound  Complications  Following  Combat 
Trauma 

Under  this  work  unit,  laboratory  methods  were  established  for  the 
measurement  of  hydroxyproline  to  estimate  wound  collagen  content,  serum 
and  wound  protein,  blood  and  wound  respiratory  gases,  and  soft  and 
osseous  tissue  bursting  and  tensile  strengths.  Biochemical  standards 
and  normal  animal  tissues  were  tested  to  perfect  the  methods,  but  no 
actual  animal  experiments  were  initiated  due  to  departure  of  the  prin- 
cipal investigator.  Experimental  methods  developed  under  this  work 
unit  will  be  used  to  study  osseous  healing  under  another  work  unit. 
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WORK  UNIT  NO.  010  Systemic  Factors  in  the  Prevention  of 

Wound  Complications  Following  Combat 
Trauma 


PROBLEM 

Severe  combat  injury  involves  massive  tissue  destruction  by  high  velo- 
city projectiles.  The  inevitable  contamination  of  such  wounds  by 
battlefield  soil  and  enteric  bacterial  flora  produces  an  inordinately 
high  Incidence  of  infectious  wound  complications.  This  contamination 
and  the  frequent  concomitant  occurrence  of  hypovolemic  shock  and  system- 
ic hypoxia  combine  to  create  a milieu  favorable  to  delays  in  wound  heal- 
ing also.  Wound  infection  and  disruption  due  to  delayed  healing  are 
much  more  frequent  occurrences  after  combat  injury  than  after  civilian 
traumatic  injury.  These  complications  significantly  prolong  hospitali- 
zation and  delay  return  to  duty  of  the  combat  injured  soldier. 

The  long  range  goals  of  this  study  are  to  investigate  the  ameliorat- 
ing effects  of  battlefield  resuscitation  with  blood,  blood  substitutes, 
and  resuscitative  solutions,  and  of  nutritional  and  metabolic  suppor- 
tive regimens  in  the  early  postinjury  period  on  the  trauma  and  infection- 
mediated  delays  in  wound  healing  and  increased  susceptibility  to  infec- 
tion. Skin,  subcutaneous,  fascial,  and  gastrointestinal  wounds  in 
laboratory  animals  subjected  to  shock,  hemorrhage,  and  soft  and  skele- 
tal tissue  trauma  will  be  studied. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


A wound  healing  laboratory  was  established.  An  autoanalyzer  technique 
for  the  measurement  of  hydroxyproline  was  developed  and  wet  tissue 
processing  techniques  adapted  to  measure  the  collagen  content  of  heal- 
ing wounds.  Blood  gas  analysis  equipment  was  adapted  to  measure  wound 
respiratory  gases;  serum  and  wound  exudate  protein  measurement  tech- 
niques were  established  for  the  spectrophotometer.  An  Instron  tensio- 
meter was  adapted  to  measure  the  tensile  strength  of  nonosseous  tissues; 
compression  testing  accessories  are  being  purchased  to  allow  tensile 
strength  testing  in  osseous  tissues.  Bowel  and  anastomotic  strength 
measurements  will  be  made  by  a simple  manometric  technique  during 
insufflation  with  air.  No  actual  animal  experiments  were  performed 
under  this  work  unit  other  than  those  on  animal  tissues  from  other 
work  units  to  perfect  test  methods  and  a small  pilot  study  involving 
12  rats  to  test  their  tolerance  to  6 different  liquid  diets. 

The  methods  and  equipment  are  available  for  wound  healing  studies  and 
will  be  used  mainly  to  study  gastrointestinal  healing  and  fracture 
healing  under  other  work  units. 
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alve  amount  ot  iiitost  ino  resected  in  t Iii'ho  odsos , I'lio  oh|cct  ivt*s  ol  t lioso  studies  ,-iic* 
tal  t o develop  a t echu ii|ue  to  replace  t ho  damaged  small  intost  tin-  with  neosma  1 I howol 
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massivo  ios»vt  ion;  ami  (c)  to  per  I use  v.-n  Ions  ah.lomlii.il  organs  with  stioma  I i oo  homo^lo 
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t ivo  t lulils  are  nsoil  in  the  combat  injured  soldier. 
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stii.lv  the  growth  and  ahsoi  pt  ivo  oapaeitv  ol  neoit.mosa.  I'ho  histologic  and  physiologic 
results  ol  exchange  t i anst us ing  animals  with  SKHS  on  ah.lomlnal  oi  nans  will  ho  studied. 

(ID  /<>  O')  - //  It)  A study  ol  tin*  adapt  ivo  response  ot  the  I tvei  and  small  intestine 
to  intest  Inal  hvpass  has  heen  completed.  The  small  howo 1 allot  at  Ions  in.  lease  the  total 
tunot  ioual  absorptive  suit  are  area  altei  sui^oiv  in  a fashion  s Initial  to  that  observed 
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causes  no  adverse  elteols  on  the  kidney  and  lira  In  and  appear -■  to  ot  t load  oxygen  to  the 
liver.  ilowevot  , tin*  rapid  d i sappearauee  ol  SKHS  1 1 >>m  the  iut  ravaseu  lai  sj'a.'e  lesults  In 
eventual  hv  povo  I em  i a ami  hejiat  ic- ischemia  . 
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WORK  UNIT  NO.  Oil  Problems  In  Abdominal  Trauma 

Thu  following  invest  tgat  Iona  have  boon  conducted  undt*r  this  Wot  k Unit: 

STUDY  NO.  I I'lte  stun  t bowel  syndrome 

STUDY  NO.  J the  ellerls  ol  at  i oma-l  run  hemoglobin  solutions  on 

iut  ra-abdominal  organs 

STUDY  Ni> . 1.  l.ai  go  port  ions  ol  small  lutust  l no  may  require  roaoot  Ion 

following  oxtonslvo  gunshot  and  missllo  wounds.  Since  an  insult Irlont 
functional  absorptive  aroa  to  transport  nutriout  material  may  remain, 
a cons  Ulerab lo  thecal  to  litu  may  result.  As  a part  ot  this  study, 
patients  undergoing  intestinal  bypass  procedures  were  used  as  a model 
to  study  small  bowel  and  1 ivet  adapt  at  Ion  lol lowing  massive  loss  ot 
absorptive  surface.  The  results  ot  these  studies  Indicated  that  with 
reduced  absorptive  surtace  area,  there  Is  Increased  deposition  ot  lipid 
In  the  liver.  Tills  phenomenon  is  partially  compensated  lot  by  Intra- 
mlt ochotulr  ia l adaptive  alteiatious  in  those  cells  neat  the  portal  triads, 
which  are  reversed  alter  the  period  ol  maximum  weight  loss.  The  In- 
testinal alterations  result  in  an  almost  100";  increase  in  absorptive 
surtace  area  in  the  functioning  lesldual  Intestine  secondary  t o an 
8011  Increase  in  intestinal  villus  size.  0 1 1 rast  r net  lira  I studies  re- 
vealed that  all  portions  ol  the  enlarged  villi  are  capable  ol  trans- 
porting nutrient  material.  A strong  correlation  existed  between 
diminished  weight  loss  and  increased  villus  size. 

As  a potential  solution  t the  pioblem  ot  diminished  intestinal  absorp- 
tive surface  area  tol lowing  missile  in)urles  to  the  small  bowel,  a 
study  has  been  undertaken  t v > convert  segments  ol  unharmed  colon  Into 
small  intestine.  Union l c segments  (111  cm  long)  were  denuded  ol  mucosa 
and  placed  In  continuity  in  the  small  bowel.  Kegiowth  ot  the  entire 
mucosal  covering  occurred  in  appt  ox  into  t e 1 v I-’  weeks.  tlrowth  occurred 
t rom  both  residual  colonic  cells  and  small  bowel  epithelium  coming 
across  the  .mast  amuses . Kurlhet  studies  are  aimed  at  eliminating  all 
colonic  epithelial  regrowth,  thus  only  small  intestinal  epithelium  was 
allowed  to  recover  the  denuded  surface. 

STUDY  Nt>.  J.  lite  potential  use  ol  stroma  I t co  hemoglobin  solution 
(SFUS)  as  acute  remise  it  at  Ive  I lui.ls  n the  comb  a t Injured  soldier  has 
prompted  further  Interest  in  tlteii  et  I icaev  and  toxicity.  In  order  to 
evaluate  the  use  ot  SKUS  in  key  organs,  i at  s wet e exchange  transfused 
with  either  SKUS  or  othei  common  t esttsc  i t at  t ve  fluids  Iplasmanate, 
albumin,  and  Isolated  Ringer’s  solutions),  and  the  morphological  ettects 
on  liver,  kidney,  and  brain  wimc  compared,  The  results  indicated  that 
during  early  time  intervals  alter  exchange  transfusion,  SKUS  provides 
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protection  from  the  changes  of  hypoxia  seen  in  control  animals.  How- 
ever, the  short  Intravascular  half-life  of  SKHS  eventually  results  in 
hypovolemia  and  liver  necrosis.  There  were  no  ultrastructural  altera- 
tions observed  In  the  brain,  and  no  evidence  of  renal  damage  after 
SKHS  administration. 
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WORK.  UNIT  NO.  Oil  Problems  in  Abdominal  Trauma 

STUDY  NO.  I Tbe  short  bowel  syndrome 

KX-1  Analysis  of  functional  activity  of  neo-small-bowel  mucosa 
in  dogs 

PROBLEM 

The  complications  of  removing  large  portions  of  small  Intestine  second- 
ary to  trauma,  such  as  gunshot  and  missile  wounds  in  the  abdomen,  pose 
considerable  threat  to  patient  life.  The  primary  defect  Is  an  Insuf- 
ficient functional  absorptive  area  to  transport  nutrient  material.  A 
potential  solution  involves  increasing  the  absorpt ive  surface  area  by 
converting  a transposed  segment  ot  large  Intestine  into  small  intestine. 

RESULTS  AND  DISCUSSION  OK  RESULTS 

Kour  mongrel  dogs  underwent  mobilization  of  10  cm  segment  of  proximal 
colon  with  its  vascular  supply  intact.  The  colonic  mucosa  was  removed 
by  blunt  dissection.  An  80%  small  bowel  resection  was  performed  and 
the  denuded  colonic  segment  was  placed  In  continuity  with  the  residual 
small  bowel.  Normal  colonic  continuity  was  restored.  At  serial  timed 
Intervals  (up  to  b months),  biopsies  were  obtained  from  the  colonic 
segments.  A regrowth  of  mucosa  covered  the  entire  segment  within  12 
weeks.  This  neomucosa  originated  from  both  residual  colonic  cells  and 
partially  from  adjacent  small  bowel  epithelium.  Three  more  dogs  under- 
went the  same  procedure  with  the  additional  measure  of  treating  the 
denuded  colon  with  varying  strengths  ot  glutaraldehyde  to  remove  the 
residual  colonic  epithelium.  One-half  percent  glutaraldehyde  seemed 
to  remove  the  remaining  colonic  cells  without  damaging  the  entire 
bowel  wall.  The  glutaraldehyde  also  provided  a surface  for  growth  ot 
nascent  small  bowel  mucosa. 

CONCLUSIONS 

Mechanical  stripping  of  the  colonic  mucosa  and  treatment  with  glutar- 
aldehyde provide  a surface  on  which  small  bowel  epithelium  will  grow 
and  possibly  will  repopulate  the  entire  denuded  colonic  segment. 

RECOMMEND AT  IONS 

Further  studies  are  now  in  progress  to  evaluate  the  growth  of  small 
bowel  epithelium  onto  the  denuded  colonic  segment.  Once  this  process 
Is  complete  and  the  colonic  surface  Is  covered  by  this  mucosa,  the 
functional  ability  of  the  epithelium  to  transport  nutrient  material 
will  be  evaluated.  Finally,  animals  which  have  undergone  massive  small 
bowel  resections  will  receive  a denuded  colonic  segment,  and  its 
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ability  to  improve  the  functioning  absorptive  surface  will  be  analyzed 
to  determine  whether  this  approach  will  lessen  morbidity  following 
massive  resections  of  small  intestine  necessitated  by  combat  trauma. 

PUBLICATIONS 

None 

EX-2  The  intestinal  bypass  procedure  for  morbid  obesity  as  an 

experimental  model  of  acute  intra-abdominal  trauma  requir- 
ing extensive  small  intestine  resection 

PROBLEM 

To  provide  effective  management  for  soldiers  who  have  undergone  massive 
small  bowel  resections  following  combat  trauma  requires  a thorough 
understanding  of  the  adaptive  changes  which  occur  in  the  remaining 
Intestine  and  liver  after  the  traumatized  bowel  is  resected.  Patients 
with  Intestinal  bypasses  to  control  obesity  were  selected  as  the  model. 
I.iver  and  intestinal  alterations  following  the  procedure  were  investi- 
gated. Attention  was  focused  on  several  alterations  which  have  been 
observed  in  experimental  animals  following  massive  intestinal  resections. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


Eleven  patients  underwent  Jejunoileal  bypass  for  morbid  obesity. 

Serial,  peroral  intestinal  biopsies,  and  needle  liver  biopsies,  were 
obtained  prior  to  and  at  timed  intervals  following  operation  in  both 
fasted  and  fat-fed  states.  Villus  height  increased  asymptotically, 
reaching  a plateau  one  year  after  operation  with  an  increase  of  BOX  in 
mean  villus  length.  The  pattern  of  post-bypass  body  weight  reached  a 
plateau  at  63.9%  of  initial  body  weight  and  correlated  linearly  with 
villus  height  (r=0.97)  following  an  asymptotic  curvilinear  course. 

The  time  required  to  attain  90%  of  total  body  weight  loss  was  15.9 
months.  A study  of  intestinal  fat  absorption  at  the  ultraslructural 
level  showed  that  the  enlarged  villi  are  lined  by  functionally  mature 
epithelium  capable  of  transporting  lipid.  The  total  increment  in 
absorptive  surface  area  in  the  residual  incontinuity  small  bowel  was 
approximately  100%.  It  is  suggested  that  these  small  intestinal 
alterations  are  adaptive  in  nature  and  enable  some  compensation  for 
the  loss  of  functioning  absorptive  surface  area.  Similar  alterations 
are  proposed  for  patients  suffering  from  massive  bowel  resections 
secondary  to  trauma.  Alterations  in  the  liver  after  bypass  included: 
(1)  a temporary  Increase  in  steatosis  which  resolved  in  most  patients 
with  time;  and  (2)  the  formation  of  intrami tochondr ial  filaments  (IMKs) 
in  periportal  hepatocytes.  The  IMKs  appeared  to  be  related  linearly 
to  the  amount  of  Intracellular  lipid  (r*0.95)  and  were  postulated  as 
providing  a mechanism  for  the  handling  of  increased  quantities  of 
hepatic  lipid.  As  the  steatosis  improved  with  t ime  after  the  bypass, 
the  IMKs  decreased  in  number  or  disappeared.  The  accumulation  of 
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intracellular  lipid  caused  a general  crowding  of  intracytoplasmic 
organelles  to  the  periphery  of  the  hepatocyte.  Although  the  relative 
density  of  the  organelles  (per  u2  cytoplasm)  markedly  increased,  there 
was  no  evidence  of  structural  damage.  This  finding  may  explain  the 
reversibility  of  hepatic  steatosis  without  sequalae. 

CONCLUSIONS 


All  patients  undergoing  the  intestinal  bypass  procedure  for  obesity 
displayed  fatty  infiltration  of  the  liver  predominantly  oriented 
around  the  central  vein.  Following  bypass  surgery,  the  degree  of 
steatosis  worsens  and  then  gradually  improves.  Cellular  lipid  accumu- 
lation does  not  morphologically  damage  the  intracytoplasmic  organelles 
but,  rather,  concentrates  them  in  the  peripheral  cytoplasm  surrounding 
the  lipid.  Intramitochondrial  filaments  in  the  hepatocytes  occur  in 
association  with  fatty  infiltration  and  are  derived  from  mitochondrial 
cristae.  The  incidence  of  filaments  in  hepatocytes  of  control  subjects 
is  insignificant.  The  filaments  most  likely  represent  a response  to 
an  altered  liver  metabolic  state.  The  alterations  in  the  intestine  are 
aimed  at  increasing  the  functional  absorptive  capacity  of  the  small 
bowel  after  either  massive  resection  or  small  bowel  bypass. 

RECOMMENDATIONS 


None 
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PUBLICATIONS 

1.  FRIEDMAN,  H.I.,  T.G.  CHANDLER,  and  T.G.  NEMETH.  Hepatic  intra- 
mitochondrial filaments  in  obese  patients  before  and  after  the  intesti- 
nal bypass  procedure.  Gastroenterology  73:1353,  1977 

2.  FRIEDMAN,  H.I.,  T.G.  CHANDLER,  C.C.  PECK,  T.J.  NEMETH,  and 
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STUDY  NO.  2 The  effects  of  stroma-free  hemoglobin 

solutions  on  intra-abdominal  organs 

PROBLEM 

• 

The  development  of  a stroma-free  hemoglobin  solution  (SFHS)  which  could 
transport  oxygen  and  be  used  as  a field  resuscitative  fluid  would  pro- 
vide a considerable  improvement  in  logistical  support  of  the  combat 
injured  soldier.  In  order  to  provide  additional  information  concern- 
ing the  efficacy  and  toxicity  of  such  a solution,  the  morphological 
effects  of  SFHS  were  studied  on  various  organs  including  the  liver, 
kidney,  and  brain. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 


Rats  were  exchange  transfused  with  either  SFHS  or  other  commonly  employed 
resusc itat Ive  fluids  (lactated  Ringer's,  plasmanate,  or  albumin)  and  the 
effects  on  liver,  kidney,  and  brain  at  various  time  intervals  after 
exchange  were  determined.  At  early  time  periods  after  exchange  trans- 
fusion, SFHS  appears  to  prevent  the  alterations  of  hypoxia  observed 
with  the  other  solutions.  However,  at  later  periods  of  time,  as  the 
SFHS  is  cleared  from  the  intravascular  compartment,  the  animals'  blood 
volume  decreases  (42%  at  6 hours).  This  finding  may  reflect  an  osmotic 
diuresis  caused  by  SFHS  crossing  the  glomerular  basement  membrane. 
Consequently,  there  is  evidence  of  liver  ischemia  and  necrosis  at 
12  and  24  hours  after  exchange  transfusion  that  Is  not  observed  in  con- 
trol animals.  SFHS  is  observed  in  the  proximal  and  distal  renal 
tubules.  Hemoglobin  also  appears  to  be  absorbed  partially  in  proximal 
tubular  cells.  By  24  hours  after  exchange  transfusion,  most  of  the 
SFHS  has  left  the  kidney.  Some  absorption  droplets  are  still  seen  in 
proximal  tubular  cells  and  a few  distal  tubules  appear  to  contain 
hemoglobin.  At  the  ultrastructural  level,  there  is  no  apparent  damage 
to  the  kidney  tubules  or  glomerulus.  The  brain  shows  no  adverse  mor- 
P*u’l  ogical  effect  from  the  SFHS.  Two  months  after  exchange  transfusion 
all  organs  continue  to  appear  normal. 

CONCLUSIONS 

SFHS  provides  protection  from  the  effects  of  hypoxia  seen  with  other 
common  resusc it  at ive  fluids  at  early  Lime  periods  after  administration. 
However,  its  short  intravascular  life  span  results  in  eventual  severe 
hypovolemia  and  its  sequelae.  There  is  no  adverse  effect  of  SFHS  on 
renal  or  brain  ultrastructure. 

RECOMMENDATIONS 

Additional  experiments  are  being  planned  to  see  if  booster  Infusions  of 
SFHS  can  prevent  the  hypovolemia  and  liver  necrosis.  Other  studies  will 
focus  on  the  potential  problems  of  reduced  P50,  reticuloendothelial 
blockade  secondary  to  SFHS,  enhancing  the  intravascular  half-life  of 
SFHS,  and  the  problem  of  hepatitis  antigens  in  SFHS. 

PUBLICATIONS 
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ABSTRACT 


3S762772A814  Military  Trauma  and  Resuscitation 

012  Studies  in  Pulsatile  Extracorporeal 

Circulat ion 

The  following  investigations  are  being  conducted  under  this  Work  Unit: 

STUDY  NO.  1 The  effect  of  variation  in  pulse  pressure  on  left 
ventricular  function  in  the  dog  and  swine 

STUDY  NO.  2 The  effect  of  variation  in  the  oxyhemoglob ind isso- 
ciation  curve  on  left  ventricular  function  in  swine 

STUDY  NO.  1.  The  purpose  of  this  study  is  to  test  the  hypothesis  that 
pulsatile  perfusion  in  an  extracorporeal  life  support  system  is  su- 
perior to  continuous  perfusion  in  preserving  myocardial  function.  The 
preparation  permits  direct  control  of  heart  rate,  stroke  volume,  and 
after load  for  controlled  measurement  of  left  ventricular  function. 
Myocardial  metabolism  and  coronary  flow  distribution  can  be  measured 
with  arterial  coronary  sinus  blood  sampling  and  injection  of  radioactive 
labelled  microspheres.  Experiments  In  three  groups  of  swine  showed  no 
effect  of  pulsatile  perfusion  on  left  ventricular  function  during  short 
periods  of  bypass,  regardless  of  whether  or  not  the  heart  was  beating, 
f ibr ilia ting,  or  working  against  a pressure  load.  Pulsatile  perfusion 
did  preserve  left  ventricular  function  more  adequately  than  continuous 
perfusion  when  the  heart  was  allowed  to  fibrillate  over  a two  hour 
period . 

STUDY  NO.  2.  The  relationship  between  preservation  of  myocardial  per- 
formance and  tiie  oxyhemoglobin  dissociation  curve  of  priming  solutions 
is  being  investigated  in  the  same  swine  isolated  heart  preparation. 

These  studies  are  designed  to  determine  whether  or  not  the  P5q  of  resus- 
citation fluids,  including  whole  blood,  is  a significant  determinant  of 
recovery  from  hemorrhagic  shock  secondary  to  massive  combat  wounds. 
Preliminary  experiments  have  indicated  that  variation  in  the  P50  value 
does  not  have  an  effect  on  left  ventricular  function  at  normal  arterial 
oxygen  tensions  and  hemoglobin  concentrations.  Attempts  are  being  made 
through  further  work,  now  in  progress,  to  determine  whether  or  not  the 
oxyhemoglobin  dissociation  curve  is  important  in  preserving  heart  per- 
formance during  combat  injury  situations  involving  hypoxia,  hypovolemia, 
and/or  anemia. 


PROJECT  NO. 
WORK  UNIT  NO. 


412 


BODY  OF  REPORT 


WORK  UNIT  NO.  012 


Studies  in  Pulsatile  Extracorporeal 
Circulat ion 


STUDY  NO.  1 The  effect  of  variation  in  pulse  pressure 

on  left  ventricular  function  in  the  dog 
and  swine 


PROBLEM 

In  designing  an  extracorporeal  circulation  system  for  prolonged  life 
support  in  the  injured  combat  soldier,  there  is  controversy  about  the 
benefit  or  necessity  of  pulsatile  flow.  Evidence  for  the  direct  effect 
of  pulse  pressure  on  left  ventricular  function  in  such  a system  has  not 
previously  been  available.  Because  of  the  technical  complexity  of 
pulsatile  perfusion,  continuous  perfusion  would  be  preferred  in  field 
settings.  We  have  Investigated  the  effects  of  pulsatile  perfusion  on 
the  preservation  of  left  ventricular  function  and  have  attempted  to 
discern  its  importance  in  acute  life  support  systems. 

RESULTS  and  discussion  of  results 

Preliminary  experiments  established  the  animal  model  preparation, 
tested  the  pulsatile  perfusion  system,  and  confirmed  the  validity  of 
left  ventricular  function  measurements  in  both  dogs  and  pigs.  The 
initial  experiment  involving  12  dogs  has  been  completed;  it  was  demon- 
strated that  pulsatile  perfusion  offered  little  advantage  in  preserv- 
ing function  in  the  beating  heart  in  the  dog. 

To  determine  fully  the  importance  of  pulsatile  flow  in  preserving  left 
ventricular  integrity,  three  groups  of  experiments  were  completed  with 
the  use  of  swine.  Swine  were  chosen  in  the  hope  that  between  animal 
variation,  as  seen  in  the  canine  model,  could  be  minimized.  Also, 
swine  were  considered  more  appropriate  because  their  physiology,  when 
compared  with  the  physiology  of  the  dog,  resembles  more  closely  man's 
physiology,  specifically  in  terms  ot  cardiac  output,  cardiovascular 
reserve,  ventricular  performance,  and  coronary  anatomy. 

The  three  groups  of  experiments  asked  the  following  questions:  (1)  Is 
pulsatile  perfusion  important  in  the  pressure  loaded  left  ventricle? 

(2)  Are  coronary  flow  distribution  and  myocardial  oxygen  consumption 
changes  found  during  fibrillation  affected  by  pulsatile  perfusion? 

(3)  During  longer  periods  of  cardiopulmonary  bypass,  will  pulsatile 
perfusion  protect  against  the  deterioration  in  left  ventricular  func- 
tion and  endocardial  flow  noted  with  ventricular  fibrillation?  All 

3 groups  of  experiments  have  been  completed,  and  the  results  are  either 
published  or  in  press.  The  first  question  has  been  answered  in  the 
negative,  and  we  failed  to  find  any  effect  of  pulsatile  perfusion  in 
the  beating  empty  or  pressure  loaded  heart.  We  also  failed  to  show 
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any  benefit  of  pulsatile  perfusion  during  short  periods  of  cardiopul- 
monary bypass  in  the  flbri Hating  heart.  Rhythm  changes  corresponded 
with  changes  in  the  endoepicardial  flow  ratio,  but  the  perfusion 
modality  (pulsatile  or  continuous)  had  little  effect.  Myocardial  oxy- 
gen consumption,  total  coronary  flow,  and  lactate  extraction  were  not 
affected  bv  the  perfusion  modality.  The  third  group  of  experiments 
has  substantiated  a beneficial  effect  of  pulsatile  perfusion.  If  the 
f Ibr Hinting  heart  is  supported  for  a 2-hour  period  on  cardiopulmonary 
bypass  with  continuous  flow,  we  found  a decrease  in  left  ventricular 
function  of  approximately  2V£  and  a similar  reduction  in  the  endoepicar- 
dial flow  ratio,  if  fibrillating  hearts  were  supported  with  pulsatile 
cardiopulmonary  bypass,  these  changes  in  left  ventricular  function  and 
t low  distributions  fail  to  occur. 

CONCLUSIONS 

This  study  has  demonstrated,  in  two  different  experimental  animals, 
that  compared  with  continuous  perfusion,  pulsatile  extracorporeal  per- 
fusion has  little  to  offer  in  terms  of  preserving  myocardial  perfor- 
mance ami  coronary  flow  in  the  beating  heart.  During  prolonged  support 
of  the  fibrillating  myocardium,  pulsatile  perfusion  may  have  a place 
in  preserving  left  ventricular  function. 

RECOMMKNDAT 1 ONS 


The  importance  of  pulsatile  perfusion  in  a total  life  support  system 
for  the  combat  injured  soldier  is  probably  limited  to  maintaining  the 
integrity  of  critical  organs  other  than  the  heart.  Since  the  benefits 
of  pulsatile  perfusion  for  the  heart  are  limited,  further  work  in  pul- 
satile perfusion  should  be  directed  towards  studying  the  effects  on 
other  critical  organs  (e.g.,  kidney,  brain,  and  liver). 
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STUDY  NO.  2 The  effect  of  variation  in  the  oxy- 

hemoglobin dissociation  curve  on  left 
ventricular  function  in  the  swine 


PROBLEM 

Recently,  with  the  understanding  that  the  oxyhemoglobin  dissociation 
curve  is  affected  by  concentrations  of  2,3-DPG,  and  that  stored  blood 
has  a low  2,3-DPG  level,  there  is  concern  that  massive  transfusions 
with  blood  having  a long  shell  life  may  have  a detrimental  effect  on 
oxygen  delivery  to  critical  tissues.  Myocardial  (unction  is  intimately 
tied  to  adequate  oxygen  transport,  and  in  the  combat  injured  soldier, 
depressed  heart  performance  may  result  if  oxygen  transport  is  not 
optimal.  Some  Inadequately  controlled  studies  have  suggested  that 
there  is  a relationship  between  P j and  left  ventricular  performance. 

It  an  adequate  1\q  is  crucial  in  preserving  heart  performance  during 
periods  of  combat  injury,  then  aged  blood  with  a low  Pc,q  and  low 
2,3-DPG  mav  have  limited  usefulness,  and  fresh  blood  or  blood  with 
enriched  2,3-DPG  may  have  to  bo  available.  If  P^q  is  not  a major 
determinant  ol  left  ventricular  function,  then  greater  use  ot  blood 
with  longer  shelf  ages  may  be  employed,  especially  during  combat 
situations  that  would  require  mass i ve  transfusions  and  optimum  utili- 
zation ol  blood  bank  resources. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 


Our  in  situ  perfused  swine  heart  model  is  being  utilized  for  this  study. 
Left  ventricular  function  and  metabolic  responses  are  being  evaluated 
and,  in  addition,  myocardial  tissue  P02  and  PC02  tensions  are  being 
directly  measured  with  a medical  mass  spectrometer. 

This  study  is  in  a preliminary  stage,  but  we  iiave  established  an  in 
vitro  capability  for  enriching  or  depleting  2,3-DPG  and  subsequently 
altering  the  oxyhemoglobin  dissociation  curve  and  the  measured  P50. 

The  technique  of  performing  an  exchange  transfusion  on  cardiopulmonary 
bypass  has  been  well  established.  Our  initial  results  show  that  with 
a normal  hematocrit  and  arterial  oxygen  tension  P50  changes  in  the 
range  of  24-50  torr  do  not  affect  heart  performance.  We  found  that 
myocardial  oxygen  extraction  was  higher  with  the  higher  P50,  however. 

CONCLUSIONS 

If  our  initial  results  are  substantiated,  we  can  conclude  that  under 
normal  hemodynamic  conditions,  P50  is  not  an  important  determinant  of 
left  ventricular  function.  The  crucial  question  of  the  role  of  oxy- 
hemoglobin dissociation  curve  changes  in  abnormal  hemodynamic  situa- 
tions (hypoxia,  hypotension,  anemia),  as  would  be  encountered  in  a 
combat  injury  situation,  is  being  addressed  with  experiments  evaluating 
these  conditions. 

RECOMMENDATIONS 


The  question  of  the  role  of  P50  changes  in  blood  and  oxygen  transport- 
ing resuscitation  fluids  is  one  that  is  crucial  to  the  optimum  resus- 
citation of  soldiers  injured  in  combat.  Our  initial  results  seem  to 
indicate  that,  if  adequate  arterial  pressure  and  oxygen  tension  are 
maintained,  Pt,g  i-s  not  a factor  in  determining  left  ventricular  func- 
tion, and  blood  with  a low  2,3-DPG  concentration  may  be  adequate,  even 
if  massive  transfusions  are  needed.  Experiments  defining  the  role  of 
the  oxyhemoglobin  curve  on  left  ventricular  function  in  a massively 
injured  soldier  with  complicating  factors  of  hypoxia,  hypotension, 
and/or  anemia  should  receive  a high  priority  in  this  study. 
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ABSTRACT 


3S762772A814  Military  Trauma  and  Resuscitation 

013  Effect  of  Blood-Oxygen  Affinity  During 

Experimental  Hemorrhagic  Shock  and 
Hypoxemia 

Rats  given  water  ad  libitum  with  added  sodium  cyanate  develop  abnormal 
(by  electron  microscopy)  mitochondria  in  liver  tissue  as  well  as  in- 
creased hemoglobin-oxygen  affinity.  Whether  these  lesions  are  produced 
directly  by  carbamylation  or  indirectly  through  the  effect  of  increased 
blood-oxygen  affinity  is  not  clear.  The  effect  of  various  ratios  of 
stroma-free  hemoglobin  solution  (SFHS)  and  whole  blood  on  the  P50  and 
heme-heme  interaction  of  these  mixtures  was  experimentally  determined. 
With  the  use  of  these  figures,  it  was  estimated  that,  compared  to 
asanguineous  replacement,  no  net  benefit  to  oxygen  transport  can  be 
expected  by  using  SFHS  (7.5  grams  percent  hemoglobin)  below  a 75%  blood 
volume  replacement  level.  Both  in  vivo  aging  and  in  vitro  storage  of 
erythrocytes  modify  the  heme-heme  interaction  observed  in  whole  blood. 
The  full  effect  of  changes  in  oxygen  transport  when  stored  blood  is 
used  is  not  reflected  by  measurements  of  P50  alone.  Decreases  in  P50 
and  heme-heme  interaction,  such  as  those  observed  in  many  ICU  patients, 
can  grossly  degrade  oxygen  transport  function,  particularly  when 
accompanied  by  anemia  and/or  carbon  monoxide  inhalation  during  smoking. 
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WORK  UNIT  NO.  013  Effect  of  Blood-Oxygen  Affinity  During 

Experimental  Hemorrhage  Shock  and 
Hypoxemia 


PROBLEM 

A continuous  supply  of  oxygen  is  a major  requirement  for  maintenance 
of  vital  functions  in  man  and  animals.  Compared  to  food  and/or  water 
deprivation,  which  may  be  tolerated  in  man  for  prolonged  periods,  oxy- 
gen deprivation  can  be  fatal  in  minutes.  Although  some  tissues  with- 
stand the  effects  of  oxygen  deprivation  better  than  others,  the  body 
as  a whole  tolerates  a deficit  oxygen  economy  only  to  the  extent  that 
it  can  activate  a variety  of  compensatory  mechanisms  designed  to  sus- 
tain the  minimum  metabolic  needs  of  the  tissues  during  emergencies. 
Trauma  associated  with  bleeding  produces  an  immediate  threat  to  the 
oxygen  economy  of  the  body,  and  the  effectiveness  of  compensatory 
adjustments  designed  to  cope  with  this  situation  is  a decisive  factor 
in  the  clinical  consequences  of  such  trauma.  Apart  from  the  potenti- 
ally lethal  effects  of  oxygen  deprivation,  tissue  hypoxic  episodes  can 
lead  to  permanent  functional  damage  and  prolong  recovery  from  the  basic 
injury. 

The  occurrence  of  trauma  and  hemorrhage  in  a remote  and  hostile  battle- 
field setting  presents  several  unique  problems  not  ordinarily  encoun- 
tered. Loss  of  consciousness,  for  instance,  is  sometimes  considered 
to  be  beneficial  after  trauma  because  it  tends  to  place  the  body  in  a 
horizontal  position  favoring  cardiac  output  and  maintenance  of  circu- 
lation to  the  brain.  Such  a response  may  be  hazardous  even  under 
normal  circumstances,  but  its  occurrence  under  battle  conditions  defi- 
nitely jeopardizes  the  individual's  already  precarious  safety  and  his 
potential  for  self-preservation.  Medical  assistance,  furthermore,  may 
be  delayed  by  the  exigencies  of  warfare,  thus  extending  the  stress 
upon  compensatory  reserves.  Finally,  blood  replacement  therapy,  once 
available,  may  be  compromised  by  the  quality  of  blood  products  avail- 
able in  forward  areas.  Either  separately  or  in  combination,  these 
factors  make  it  significantly  more  difficult  for  the  military  physician 
to  normalize  the  oxygen  economy  prior  to  permanent  functional  damage 
or  in  time  to  prevent  prolonged  recovery  times  from  the  basic  injury. 

Thus,  there  are  unique  circumstances  justifying  the  military  need  to 
understand  the  complex  compensatory  mechanisms  that  sustain  the  oxygen 
economy  of  the  body.  The  objective  of  this  work  unit  is  to  evaluate 
the  oxygen  transport  function  of  blood  and  resuscitative  solutions, 
particularly  with  reference  to  the  role  of  hemoglobin-oxygen  affinity 
in  modifying  the  compensatory  reserves  of  combat  personnel  to  trauma 
and  environmental  stress. 
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RESULTS  AND  DISCUSSION  OF  RESULTS 


Treating  rats  with  sodium  cyanate  added  to  drinking  water  has  been 
found  to  cause  abnormal  morphologic  changes  in  the  liver,  as  well  as  a 
leftward  shift  in  the  oxyhemoglobin  dissociation  curve.  The  hepatic 
lesion  observed  ultrastructurally  is  similar  to  that  seen  with  the  use 
of  stroma-free  hemoglobin  solutions  (SFHS) , and  involves  the  mitochon- 
dria of  those  cells  nearest  the  central  vein.  Vacuolization  is  also 
observed  and  is  most  prominent  in  those  cells  nearest  the  central  vein. 
These  changes  are  suggestive  of  those  seen  with  hypoxia;  it  is  for 
this  reason  that  the  lesion  is  considered  to  be  the  result  of  the  con- 
current shift  in  the  oxygen  affinity  curve  rather  than  direct  carbamy- 
lation  of  cell  proteins  by  cyanate.  Presumably,  direct  carbamylation 
would  have  exercised  its  effect  in  a more  general  pattern.  The  central 
hepatic  vein  appears  to  be  particularly  susceptible  to  hypoxia  because 
the  circulation  pattern  in  the  liver  presents  the  cells  surrounding 
this  area  with  blood  of  extremely  low  02  content.  The  experimental 
use  of  cyanate  to  treat  sickle  cell  disease  has  not  been  reported  to 
cause  any  type  of  cellular  lesion.  Previous  findings  stemming  from 
this  work  unit  have  emphasized  that  intensive  care  patients,  particu- 
larly heart  disease  patients,  have  a marked  tendency  to  display  left- 
ward shifts  in  the  hemoglobin-oxygen  affinity  curve.  The  more  defini- 
tive association  of  cellular  pathology  with  an  altered  oxygen  transport 
function,  as  represented  by  the  present  observations  in  cyanate-treated 
rats,  offers  the  prospect  of  an  improved  experimental  approach  to  this 
problem.  Many  previous  experimental  investigations  of  this  problem 
have  been  concerned  with  acute  effects,  and  have  involved  relatively 
short  periods  of  experimental  observation.  The  present  results  and 
those  reported  in  ICU  patients  imply  that  the  effects  of  altered 
hemoglobin-oxygen  affinity  may  be  cumulative  and  slow  acting,  particu- 
larly where  alternative  physiologic  responses  are  capable  of  providing 
short-term  compensatory  balance  to  an  altered  oxygen  economy. 

Experimental  measurements  made  from  mixtures  of  SFHS  and  whole  blood 
have  shown  that  as  the  percentage  of  SFHS  increases,  the  P50  of  these 
mixtures  decreases  in  an  approximately  linear  fashion.  In  the  absence 
of  SFHS,  normal  whole  blood  has  a Pcq  of  about  27  mm  Hg;  100%  SFHS 
usually  has  a P50  of  about  12-15  mm  Hg.  A 50%  mixture  has  a P50  of 
about  20  mm  Hg.  The  apparent  heme-heme  interaction  of  these  mixtures 
also  varies  (the  minimum  value  is  about  2.0  to  2.2  with  50%  SFHS). 

Aging  of  whole  blood  erythrocytes  has  been  found  to  cause  a similar 
change  in  both  P50  and  the  heme-heme  interaction:  P50  decreases 
linearly  with  age  (and  loss  of  2,3-DPG)  from  a value  of  about  27  mm  Hg 
to  12  to  15  mm  Hg;  heme-heme  interaction  diminishes  to  a minimum  value 
of  2.0  to  2.2  when  2,3-DPG  is  depleted  to  about  one-half  its  normal 
value.  Subsequent  losses  in  2,3-DPG  in  aging  cells,  as  well  as  increases 
in  the  percentage  of  SFHS  above  the  50%  level,  result  in  Increases  in 
the  heme-heme  interaction.  By  using  the  Hill  equation  and  several 
assumptions  regarding  tissue  oxygen  tension,  it  has  been  possible  to 
compute  the  tissue  oxygen  transport  effectiveness  of  SFHS  at  various 
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replacement  volumes.  These  calculations  liullcuie  that,  compared  to 
asaugulneous  transfusions,  it  is  necessary  to  replace  at  least  75%  of 
the  circulating  blood  volume  with  7.5  grams  percent  SFHS  before  the 
tissues  will  realize  any  net  Improvement  in  oxygen  unloading.  This 
result  is  due  primarily  to  the  extreme  leftward  position  of  the  l\0 
and  the  low  cooperat l v it y found  in  SFHS-whole  blood  mixtures.  Appar- 
ently, SFHS  would  not  be  clinically  effective  at  low  replacement 
volumes;  the  material,  in  fact,  might  be  counterproductive  compared  to 
asaugulneous  fluids  at  replacement  levels  of  less  than  75%.  This  re- 
sult emphasizes  the  need  to  improve  tin-  oxygen  delivery  characteristics 
of  SFHS  It  It  is  to  gain  general  clinical  applicability. 

Further  analysis  of  the  hemoglob in-oxygen  affinity  characteristics  ot 
lCll  patients  has  shown  that,  in  addition  to  a frequently  extreme  left- 
ward shllt  in  the  curve,  many  ot  these  patients  simultaneously  have 
anemia.  the  extent  o!  the  anemia  and  alteration  in  the  oxygen  affinity 
characteristics  of  hemoglobin  would  be  clearly  handicapping  in  terms  ot 
maintaining  a normal  oxygen  economy.  Moreover,  many  of  these  patients 
present  histories  ol  excessive  tobacco  consumption  that  is  known  to  be 
associated  with  high  levels  ol  CO-hemoglob in.  The  oxygen  transport 
function  ot  an  individual  who  Is  already  handicapped  by  an  increased 
hemoglob in-oxygen  affinity  and  anemia  will  become  severely  limited  by 
the  levels  of  CO-hemog lob  In  that  are  attained  in  heavy  smokers.  lit 
some  cases,  in  fact,  the  tissue  oxygen  delivery  would  be  reduced  to  as 
little  as  30%  of  normal.  in  an  organ  such  as  the  heart,  that  relies 
heavily  on  autoregulation  tit  maintain  tissue  oxygenation,  tin-  co- 
existence ol  coronary  insul I ic iency  and  limited  oxygen  delivery  capacity 
ot  hemoglobin  would  be  expected  t o ailed  the  organ's  oxygen  economy  to 
a clinically  significant  extent. 

CONCl.llS IONS 

increased  hemoglob lu-oxygen  affinity  can  lead  t o hepat ic  lesions  simi- 
lar to  those  found  in  hypoxia.  The  eflects  ol  hemoglobin-oxygen 
affinity  change  may  be  manifested  sloy/lv  rather  than  acutely;  rnanv 
experiments  designed  to  test  the  ol loots  ol  altered  hemoglobin-oxygen 
altinity  have  not  accounted  for  this  possibility.  The  heme-heme  inter- 
action ol  stored  blood  and  aging  erythrocytes  can  be  greatly  modified 
from  normal.  This  change  can  affect  oxygen  delivery  to  tissues  in  a 
significant  manner,  a factor  that  few  investigators  have  considered. 

At  least  a 75%  replacement  with  SFHS  is  required  before  any  net  advantage 
to  oxygen  transport  is  obtained  with  this  material  compared  to  asangui- 
neous  replacement.  Changes  in  hemoglobin-oxygen  affinity  may  play  a 
contributory  etiologlc  role  In  some  diseases,  particularly  heart  diseases, 
and  be  a factor  in  the  recovery  of  patients  who  have  experienced  it  defi- 
cit oxygen  economy. 
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PROJECT  NO. 

WORK  UNIT  NO. 

The  following  investigations  have  been  conducted  under  this  Work  Unit: 

STUDY  NO.  1 Effects  of  early  vitrectomy  on  induced  penetrating 
ocular  injuries 

STUDY  NO.  2 Dark  adaptometer  prototype 

STUDY  NO.  1.  An  animal  model  was  established  for  the  study  of  the 
effects  of  early  vitrectomy  on  the  outcome  of  severe  penetrating  ocu- 
lar trauma.  The  healing  of  the  rabbit  eye  was  shown  to  be  sufficiently 
different  from  that  of  the  human  eye  so  that  this  model  could  not  be 
used.  A recent  clinical  report  on  human  ocular  trauma  indicates  that 
vitrectomy  is  effective  and  should  be  performed  as  soon  as  possible  if 
infection  or  reactive  foreign  bodies  are  suspected,  and  that  vitrectomy 
should  be  delayed  5 to  10  days  if  these  factors  are  not  present.  It 
is  recommended  that  the  military  have  a vitrectomy  capability  near  the 
combat  theater  in  order  to  salvage  as  many  combat  injured  eyes  as 
possible. 

STUDY  NO.  2.  A prototype  screening  dark  adaptometer  has  been  developed. 
This  device  allows  dark  vision  testing  without  the  labor  commitment  of 
technicians  required  by  other  systems  of  dark  vision  testing.  The 
laboratory  prototype  is  undergoing  normative  testing.  A field  device 
is  being  developed  for  possible  evaluation  in  screening  combat  troops 
and  aviation  personnel  and  for  evaluating  the  ocular  effects  of  chronic 
exposure  to  low  level  coherent  light  sources. 
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WORK  UNIT  NO.  014  Care  of  the  Combat -I nj ured  Eye 

STUDY  NO.  1 Effect  of  early  vitrectomy  on  induced 

penetrating  ocular  injuries 

PROBLEM 


The  incidence  of  penetrating  ocular  injuries  during  wartime  has  stead- 
ily increased.  During  both  World  War  I and  World  War  II,  ocular 
injuries  represented  approximately  2li % of  all  casualties,  whereas  in 
the  Korean  Conflict  the  percentage  rose  to  8%  and  in  the  Israeli-Arab 
War  and  Vietnam  Conflict  the  figures  are  10%  and  15%,  respectively. 

Over  30%  of  the  ocular  injuries  are  penetrating  wounds  with  their 
attendent  sequelae  of  blindness.  During  the  past  6 years,  new  instru- 
ments have  been  developed  which  allow  the  ophthalmic  surgeon  to  remove 
opaque  and  damaged  vitreous  and  lens  and  to  sever  or  remove  intra- 
ocular fibrous  strands  which  cause  traction  detachments  of  the  retina. 

By  removing  opacified  vitreous  and  lens  tissue,  the  surgeon  is  able  to 
visualize  the  interior  of  the  eye  so  that  retinal  holes  may  be  repaired, 
foreign  bodies  removed,  and  the  stimulus  minimized  for  intraocular  in- 
flammation and  fibrous  proliferation.  The  broad  objective  of  this 
investigation  is  to  determine  when  an  extensive  surgical  debridement 
of  damaged  vitreous  and  lens  is  most  beneficial  following  a standard- 
ized penetrating  trauma  of  the  eye. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


A system  of  electroretinography  was  established  for  the  experimental 
rabbits  and  a pneumatically-operated  device  constructed  for  deliver- 
ing standardized  penetrating  trauma  to  the  eye.  A series  of  13  rab- 
bits underwent  a single  entry,  standardized  ocular  trauma  and  repair; 
these  animals  were  followed  to  study  the  sequelae  of  injury  in  this 
model.  The  results  indicate  that  rabbit  eyes  respond  differently 
than  would  be  expected  for  human  eyes  which  were  similarly  trauma- 
tized. The  rabbit  eyes  developed  neither  complete  lenticular  opaci- 
fication nor  fibrous  proliferation  occluding  the  optical  axis,  even 
though  the  injury  included  cornea,  sclera,  iris,  ciliary  body,  lens, 
vitreous,  and  retina-.  Another  series  of  rabbits  received  2 ocular 
wounds  to  simulate  the  "double  perforating"  or  through-and-through 
wounding  of  human  eyes.  Again,  the  gross  and  microscopic  results 
indicate  that  this  rabbit  model  for  penetrating  ocular  trauma  is  not 
sufficiently  analagous  to  human  injury  to  justify  its  use  in  assess- 
ing the  potential  value  of  extensive  intraocular  debridement  in  human 
eyes  which  have  received  similar  trauma. 

In  a recent  analysis  of  51  human  cases  of  severe  penetrating  injury 
involving  the  posterior  segment,  vitrectomy  was  recommended  immedi- 
ately in  instances  where  the  clinician  suspects  intraocular  infection 


or  a retained  reactive  intraocular  foreign  body;  otherwise,  immediate 
primary  closure  and  vitrectomy  5 to  10  days  later  is  recommended 
(B.P.  Conway  and  R.G.  Michels,  Presentation,  American  Academy  of 
Ophthalmology  and  Otolaryngology,  Dallas,  Texas,  7 October  1977). 

CONCLUSIONS 

The  rabbit  eye  is  not  an  appropriate  model  for  studies  related  to  the 
effect  of  vitrectomy  on  similarly  traumatized  human  eyes. 

RECOMMENDATIONS 

On  the  basis  of  recent  human  clinical  experience  with  vitrectomy,  the 
U.S.  Army  Health  Services  Command  should  strongly  consider  having 
skilled  ophthalmologists  (with  sufficient  training  in  vitrectomy  and 
retinal  surgery)  near  enough  to  the  combat  theater  to  utilize  this 
technique  in  the  care  of  combat  injured  eyes.  The  necessary  equipment 
should  be  available  for  immediate  transport  in  the  event  that  armed 
conflict  should  occur. 

STUDY  NO.  2 Dark  adaptometer  prototype 

PROBLEM 


The  U.S.  Army  has  no  efficient  means  of  screening  the  night  vision  of 
combatants,  even  though  intensive  and  sustained  conflict  may  occur 
during  nighttime.  A screening  dark  adaptometer  might  also  prove  use- 
ful in  assessing  the  effect  of  drugs,  combat  environmental  pollutants, 
and  stress  on  night  vision,  and  in  assessing  changes  of  retinal  func- 
tion due  to  chronic  exposure  to  low  levels  of  coherent  light. 

RESULTS  AND  DISCUSSION  OF  RESULTS 


A prototype  dark  adaptometer  has  been  developed  which  utilizes  light- 
emitting  diodes  (LEDs)  as  the  stimulus  source.  The  apparent  intensity 
of  emitted  light  is  controlled  by  varying  the  duty  cycle  of  the  LEDs 
by  a microcomputer.  A real  time  data  display  is  achieved  on  either  a 
cathode  ray  tube  or  an  X-Y  recorder  for  permanent  records.  No  techni- 
cian time  is  required  during  the  testing  period  since  the  test  subject 
signals  the  computer  when  the  threshold  stimulus  is  seen;  thus,  one 
technician  may  test  6 subjects  simultaneously.  Both  rod  and  cone  func- 
tion are  tested  during  the  same  session  by  alternating  deep-red  LEDs 
(for  cones)  and  green  LEDs  (for  rod  function) . 

Preliminary  mathematical  modeling  of  the  data  suggests  that  a single 
dark  adaptation  curve  is  described  by 

log  I = log^  + (log  I0  - log  lje-0^ 

where  I0  is  the  initial  threshold  of  the  test  stimulus  after  a set 
period  of  pretest  light  adaptation,  and  I is  the  absolute  threshold 
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Of  the  individual  after  full  dark  adaptation  has  occurred.  Use  of  this 
model  allows  statistical  analysis  of  data. 

Appropriate  human  use  committee  approval  has  been  received,  and  a norma- 
tive  data  base  is  being  obtained  from  volunteers. 

CONCLUSIONS 

The  results  from  the  prototype  device  appear  extremely  promising,  and  a 
prototype  field  device  is  being  developed. 

RECOMMENDATIONS 

The  development  and  testing  of  a screening  dark  adaptometer  for  military 
llSP  should  be  continued. 


APPENDIX  A 

PUBLICATIONS  ACCESSIONED  - FISi:AL  YIXAi;  1977 
INSTITUTE  REPORTS 

29.  FRUIN,  J.  T.,  T.  M.  HILL,  J.  B.  CLARKE,  and  J.  L.  FOULER. 

A Statistical  Comparison  of  Analyst  Accuracy  and  Speed  in 
Counting  Standard  Methods  Agar  Plates  within  Selected 
Colony  Count  Range.  October  1976 

30.  LUND,  D.  J.,  D.  0.  ADAMS  and  C.  CARVER.  Ocular  Hazard  of 
the  Gallium  Arsenide  Laser.  October  1976 

31.  BEATRICE,  E.  S.,  and  D.  J.  LEND.  Characteristics  of  Damage 
Produced  by  Non-circular  Retinal  Laser  Irradiation. 

October  1976 

32.  FOULER,  J.  L.,  D.  L.  STUTZMAN,  J.  T.  FOSTER,  W.  H.  LANGLEY, 
and  K,  E.  TREFZ.  Report  of  1975  Microbiological  Data 
Collection  Program.  October  1976 

33.  LAZARUS,  H.,  T.  McCAA,  R.  TEPLICK,  and  M.  WRENSC11.  General- 
ized Research  Analysis  Statistical  System.  November  1976 

34.  Ho  Institute  Report  assigned  to  this  number 

35.  STUCK,  B.  E.  Comparison  of  the  Maximum  Permissible  Expo- 
sure with  the  Doses  Required  to  Induce  Retinal  Alterations 
from  Q-switched  Ruby  Laser  Exposures.  February  1977 

36.  BEATRICE,  E.  S.,  li.  ZWICK,  D.  I.  RANDOLPH,  B.  E.  STUCK  and 
D.  J.  LUND.  Laser  Hazards:  Biomedical  Threshold  Level 
Investigations.  February  1977 

37.  RANDOLPH,  D.  I.,  B.  E.  STUCK  and  H.  B.  GARDNER.  Project 
SATAN  (Strobes  Against  Troops  at  Night).  February  1977 

38.  BEATRICE,  E.  S.,  D.  J.  LUND,  M.  CARTER,  and  D.  M.  TALSMA. 
Retinal  Alterations  Produced  by  Low  Level  Gallium  Arsenide 
Laser  Exposure.  February  1977 

39.  ZWICK,  H.,  B.  E.  STUCK,  and  D.  L.  JENKINS.  Multiline 
Laser  Protection:  The  Copper  Vapor  Laser.  May  1977 

40.  STUCK,  B.  E.,  D.  M.  TALSMA,  and  E.  S.  BEATRICE.  Vitreal 
Syneresis  of  Rhesus  Monkeys.  June  1977 


428 


Publications  Accessioned  - Fiscal  Year  1977 

41.  KAISER,  J.  D. , and  B.  D.  BROWN.  Common  Blood  Bank  Contami- 
nants Evaluated  by  the  BACTEC  Radiometric  System. 

August  1977 

42.  LUND,  D.  J.  and  E.  S.  BEATRICE.  Ocular  Hazard  of  Short 
Pulse  Argon  Laser  Irradiation.  September  1977 


MEDICAL  AND  SCIENTIFIC  JOURNALS 

77-001  RUTLEDGE,  L. , B.  C.  WALTON,  D.  A.  ELLENWOOD,  and  H.  A. 

CORREA.  A transect  study  of  sand  fly  populations  in  Panama 
(Diptera,  Psychodidae) . Environ  Entomol  5 (6):1149,  1976 

77-002  ASKEW,  E.  W. , and  A.  L.  DECKER.  Adipose  tissue  cell  size 

and  lipolysis  in  the  rat:  Response  to  exercise  intensity 
and  food  restriction.  J Nutr  106  (9):1351,  1976 

77-003  BIBEL,  D.  J.,  and  D.  J,  LOVELL.  Skin  flora  maps:  A tool 

in  the  study  of  cutaneous  ecology.  J Invest  Dermatol 
67:265,  1976 

77-004  STIFEL,  F.  B.,  E.  G.  LUFKIN,  L.  HAULER,  H.  L.  GREENE, 

0.  D.  TAUT01J , M.  WREHSCH,  C.  L.  MILLER,  and  R.  H.  HERMAN. 
Improvement  in  jejunal  enzyme  adaptation  in  obese  adult- 
onset  diabetic  patients  following  a 30-day  fast.  Am  J 
Clin  Nutr  29:989,  1976 

77-005  ZUCK,  T.  F.  Autologous  transfusions:  Their  advantages  and 

uses.  Technical  Improvement  Services:  (Abstract  No.  24) 

Am  Soc  Clin  Pathol,  1975 

77-006  RUTLEDGE,  L.  C.,  M.  A.  M0USSA,  and  C.  J.  BELLETTI.  An  in 

vitro  blood-feeding  system  for  quantitative  testing  of 
mosquito  repellents.  Mosquito  News  36  (3): 283,  1976 

77-007  HARRIS,  D.  R. , C.  M.  PAPA,  and  R.  STANTON.  Percutaneous 

absorption  and  the  surface  area  of  occluded  skin. 

Br  J Dermatol  91:27,  1974 

77-OOS  BIBEL,  D.  J.,  and  T.  H,  CHEN.  Diagnosis  of  plague:  An 

analysis  of  the  Yersin-Kitasato  controversy.  Bacter 
Rev  40  (3):  633,  1976 

77-009  LANCASTER,  M.  V.  and  R.  F.  SPROUSE.  Isolation  of  a puri- 

fied skin  test  antigen  from  Blastomyces  dermatitidis 
yeast-phase  cell  wall.  Infect  Immunol  14  (3): 623,  1976 


429 


I'f 


Publications  Accessioned  - Fiscal  Year  1977 

77-010  TAYLOR,  S.  L.,  and  A.  L,  TAPPKL.  Effect  of  dietary  anti- 

oxidants and  phenobarbital  pretreatment  on  microsomal  lipid 
peroxidation  and  activation  by  carbon  tetrachloride.  Life 
Sci  19:1151,  1976 

77-011  FRL'IN,  J.  T.  Fate  of  Clostridium  perf ringens  during  the 

processing  of  foods.  JAV11A  lb9  (10): 1130,  1976 

77-012  CABAUD,  H.  E.,  W.  G.  RObKEY,  H.  R.  McCARROLL,  S.  B.  MUTZ, 

and  J.  J.  NI EMI' ER.  Epineurlal  and  perineurial  fascicular 
nerve  repairs:  A critical  comparison.  J Hand  Surg  1 (2): 131, 

1976 

77-013  C0NS0LAZI0,  C.  F. , and  D.  D.  SCHEAKENBERG.  Nutrition  and 

the  responses  to  extreme  environments.  Fed  Proc  36  (5): 1673, 

1977 

77-014  BIBEL,  D.  J.,  R.  ALY,  and  H.  I.  MAI BACH.  Nomenclature  of 

cutaneous  micrococcaceae:  On  the  brink  of  chaos.  Inter  J 
Dermatol  15  (9):670,  1976 

77-015  BENSINGER,  T.  A.,  and  T.  F.  ZUCK.  Additional  studies  con- 

cerning the  metabolism  of  packed  erythrocytes  in  CPD  adenine. 
Transfusion  16  (4): 353,  1976 

77-016  CHILDS,  G.  E.,  M.  J.  Me ROBERTS , and  K.  A.  FOSTER.  Partial 

purification  of  amastigotes  fron  cutaneous  lesions  of 
American  leishmaniasis.  J.  Parasitol  62  (5):676,  1976 

77-017  RUTLEDGE,  L.  C. , R.  K.  S0FIELD,  and  G.  N.  PIPER.  Rapid 

counting  methods  for  mosquito  larvae.  Mosquito  News 
36  (4): 537,  1976 

77-018  LANCASTER,  M.  V.  and  R.  F.  SPROUSE.  Analytical  and  pre- 

parative isotachophoresis  of  histoplasmin  purified  derivat- 
ive components.  Anal  Biochem  77:158,  1977 

77-019  KING,  R.  D.  Nutritional  immunity  in  cutaneous  fungous 

infections.  Inter  J Dermatol  15  (5): 358,  1976 

77-020  GUTHERTZ,  L.  S.,  J.  T.  FRUIN,  D.  SPICER,  and  J.  L.  FOWLER. 

Microbiology  of  fresh  comminuted  turkey  meat.  J Milk  Food 
Tech  39  (12):823,  1976 

77-021  RIETSCHEL,  R.  L.  and  A.  M.  ALLEN.  Immersion  foot:  A 

method  for  studying  the  effects  of  protracted  water 
exposure  on  human  skin.  Milit  Med  141  (11): 778,  1976 


430 


Publications  Accessioned  - Fiscal  Year  1977 

77-022  SPENCER,  T.  S.,  R.  STANTON,  M.  L.  GABEL,  and  W.  A.  AKERS. 

Automated  instrumentation  to  measure  evaporation  rates  of 
repellents.  Mosquito  News  30  (4):418,  1976 

77-023  MELLICK,  P.  W. , D.  L.  DUNGW0RT1I,  L.  W.  SCHWARTZ,  and  W.  S. 

TYLER.  Short  term  morphologic  effects  of  high  ambient 
levels  of  ozone  on  lungs  of  Rhesus  monkeys.  Lab  Invest 
36  (1) :82,  1977 

77-024  STERNER,  R.  T.  and  L.  CARPP.  Psychomotor  rehearsal: 

Enhancement  of  rotary-pursuit  tracking  using  a massed- 
training  procedure.  Percept  Mot  Skills  44:243,  1977 

77-025  GREENBERG,  J.  H.,  R.  l>.  KING,  S.  KERBS,  and  R.  FIELD.  A 

quantitative  dermatophyte  infection  model  in  the  guinea  pig 
- A parallel  to  the  quantitated  human  infection  model. 

J Invest  Dermatol  67:704,  1976 

77-026  BENSINGER,  T.  A.  and  E.  BEUTLER.  Instability  of  the  oxy 

form  of  sickle  hemoglobin  and  a methemoglobin  in  isopropanol. 
Am  J Clin  Path  67  (2): 180,  1977 

77-027  KLAIN,  G.  J.  In  vivo  lysine  oxidation  and  incorporation 

into  tissue  proteins  by  fasted-refed  rats.  Nutr  Rept  Inter 
13  (5): 507,  1976 

77-028  BIBEL,  D.  J.  Ecological  effects  of  a deodorant  and  a plain 

soap  upon  human  skin  bacteria.  J Uyg  (Camb)  73  (1):  1,  1977 

77-029  LOVELL,  D.  J.  and  D.  J.  BIBEL.  Tween  80  medium  for  differ- 

entiating nonpigmented  Serratia  from  other  Enterobacteriaceae. 
J Clin  Microbiol  5 (2): 245,  1977 

77-030  ASKEW,  E.  W. , A.  L.  HECKER,  and  W.  R.  WISE.  Dietary  carni- 

tine and  adipose  tissue  turnover  rate  in  exercise  trained 
rats.  J Nutr  107  (1):132,  1977 

77-031  KLAIN,  G.  J.,  F.  J.  SULLIVAN,  K.  S,  K.  CHINN,  J.  P.  HANNON, 

and  L.  D.  JONES.  Metabolic  responses  to  prolonged  fasting 
and  subsequent  refeeding  in  the  pig.  J Nutr  107  (3):426, 

1977 

77-032  FOWLER,  J.  L.,  D.  L.  STUTZMAN , J.  F.  FOSTER,  and  W.  H. 

LANGLEY,  JR.  Selected  food  microbiological  data  collected 
through  a computerized  program.  J Food  Prot  40  (3):lb6, 

1977 


Publications  Accessioned  - Fiscal  Year  1977 


77-033  UENSINUEK,  T.  A.  and  T.  F.  ZUCK.  Optional  additive  systems 

as  an  effective  strategy  for  blood  storage  in  military  blood 
banking  (0).  _In:  Army  Science  Conference  (AD  A025975), 

10th  Proceedings  (West  Point,  N.Y.,  22-23  June  197b),  p 33 

77-034  RANDOLPH,  D.  I.  and  13.  E.  STUCK.  Sensitivity  of  the  Rhesus 

monkey  cornea  and  surrounding  tissues  to  heat  produced  by 
CO.,  laser  radiation,  ^n:  Army  Science  Conference  (AD  A026149) 
10th  Proceedings  (West  Point,  N.  Y.,  22-25  June  197i>),  p 129 

77-035  DEVENUT0,  F. , A.  ZECNA,  W.  Y.  MOORES,  and  T.  F.  ZUCK.  Trans- 

fusions with  hemoglobin  prepared  by  crystallisation.  In: 

Army  Science  Conference  (AD  A025993),  10th  Proceedings 
(West  Point,  N.Y.,  22-25  June  197b),  p 307 

77-036  GARDNER,  11.  15.  Chemotherapeutic  agents  in  ocular  metallosis 

(U).  Army  Science  Conference  (AD  A025997),  10th 

Proceedings  (West  Point,  N.Y.,  22-25  June  197b),  p 361 

77-037  11 1 BEL,  D.  J.,  D.  A.  CRUMRINE,  K.  YEE,  and  R.  1).  KING.  Develop 

ment  of  arthrospores  of  Trichophyton  mentagrophy tes.  Infect 
Immunol  15  (3): 950,  1977 

77-038  FRUIN,  J.  T. , J.  F.  FOSTER,  and  L.  S.  Cl'TilERTZ.  Comparison 

of  recovery  methods  for  Clostridium  per fr ingens  from  food. 

In:  Abstracts  of  the  Annual  Meeting,  American  Society  for 
Microbiology  (1977),  p 40 

77-039  GUT1IERTZ,  L.  S.  and  R.  L.  OKOLIIK.  Comparison  of  miniaturized 

multitest  systems  with  conventional  methodology  for  identifi- 
cation of  Enterobacteriaceae  in  food  microbiology.  JLn: 
Abstracts  of  the  Annual  Meeting,  American  Society  for 
Microbiology  (1977),  p 34 

77-040  MOORE,  G.  L. , and  M.  E.  LEDFORD.  The  uptake  and  egress  of 

adenine  from  human  red  blood  cells  in  vitro.  Transfusion 
17  (1) : 28,  1977 

77-041  FRIEDMAN,  11.  I.,  and  R.  R.  CARDELL,  JR.  Alterations  in  the 

endoplasmic  reticulum  and  golgi  complex  of  intestinal  epi- 
thelial cells  during  fat  absorption  and  after  termination 
of  this  process:  A morphological  and  morphometric  study. 

Anat  Rec  188  (1) 1 77 , 197  7 

77-042  DEVENUTO,  F.,  T.  F.  ZUCK,  A.  I.  ZECNA,  and  W.  Y.  MOORES. 

Characteristics  of  stroma-free  hemoglobin  prepared  by 
crystallization.  J Lab  Clin  Med  89  (3): 509,  1977 


4 32 


Publications  Accessioned  - Fiscal  Year  1977 


77-043  FRUIN,  J.  T.  Significance  of  Clostridium  perf rlngens  in 

processed  foods.  J Food  Prot  40  (5): 330,  1977 

77-044  GUTHERTZ,  L.  S.,  J.  T.  FRUIN,  and  J.  L.  FOWLER.  Microbial 

flora  of  preseasoned  comminuted  turkey  meat.  J Food  Prot 
40  (5) : 322,  1977 

77-045  FOSTER,  J.  F.,  J.  L.  FOWLER,  and  J.  DACEY.  A microbial 

survev  of  various  fresh  and  frozen  seafood  products.  J Food 
Prot  40  (5): 300,  1977 

77-046  FRUIN,  J.  T.  Microbiological  data  collection.  CFllS  (Central 

Food  Management  System)  In:  After  action  report  of  the 
Automated  Food  Service  Planning  Conference  (14  June  1977) 

77-047  NEVILLE,  J.  R.  Altered  haem-haem  interaction  and  tissue- 

oxygen  supply:  A theoretical  analysis,  Br  J Haematol  35:387, 
1977 

77-048  BIBEL,  D.  J.,  D.  J.  LOVELL,  and  R.  J.  SMILJAHIC.  Effects 

of  occlusion  upon  population  dynamics  of  skin  bacteria. 

Br  J Dermatol  95:607,  197/ 

77-049  BIBEL,  D.  J.,  J.  R.  LEBRUN,  and  D.  J.  LOVELL.  Prolongation 

of  Bacillus  f lrraus  survival  on  human  skin  by  a spore  inoculum. 
Dermatologies  154:147,  1977 

77-050  MORRISSEY,  R.  L.,  R.  M.  COHN,  R.  N.  KMPSON,  JR.,  11.  L. 

GREENE,  0.  D.  TAUNTON,  and  Z.  Z.  ZIPORIN.  Relative  toxicity 
and  metabolic  effects  of  choleealciferol  and  25-hydroxychole- 
calclferol  in  chicks.  J Nutr  107  (6):1027,  197/ 

77-051  KLAIN,  G.  J.  In  vivo  effects  of  glucagon  on  fatty  acid  syn- 

thesis in  fasted  and  refed  rata,  J Nutr  10/  (6):942,  197/ 

77-052  SAUBERLIC11,  11.  E.  Detection  of  folic  acid  deficiency  in 

populations.  In:  Folic  Acid.  National  Academy  of  Sciences 
(Washington,  D.C.,  1977)  p 213 

77-053  SAUBERLICH,  H.  E.  Book  review.  Am  J Clin  Nutr  30  (7):1198, 

1977 

77-054  NEVILLE,  J.  R.  Theoretical  analysis  of  altitude  tolerance 

and  hemoglobin  function.  Aviat  Space  Environ  Med  May  1977 

77-055  DOHM,  G.  L.,  A.  L.  HKCKER,  W.  E.  BROWN,  G.  J.  KLAIN,  F.  R. 

PUENTE,  E.  W.  ASKEW,  and  G.  R.  BEECHER.  Adaptation  of  pro- 
tein metabolism  to  endurance  training:  Increased  amino  acid 
oxidation  in  response  to  training.  Biochem  J ll>4:705,  1977 

4 33 


Publications  Accessioned 


Fiscal  Year  1977 


77-050  PLOPPKR,  C.  G.,  U.  L.  WALLACE,  T.  J.  BUCCI,  and  11.  E. 

SAUBLRLICU.  Autoradiographic  localization  of  vitamin  A in 
the  kidney  of  rats,  Proc  Soc  Exper  Biol  Med  155:124,  1977 

77-057  HANNON,  J.  P.,  and  J.  A.  VOCEL.  Oxygen  transport  during 

early  altitude  acclimatization:  A perspective  study. 

Europ  J Appl  Physiol  30:265,  1977 

77-0511  DOlill,  G.L.,  0.  li.  BEECHER,  A.  L.  ULCKER,  F.  R.  PUENTE,  0.  J. 

KLAIN,  anil  E.  W.  ASKEW.  Changes  in  protein  synthesis  in 
rats  in  response  to  endurance  training.  Life  Sci  21:189,  1977 

77-059  TAYLOR,  S.  L.,  E.  R.  LIEiiER,  and  M.  LEATHERW00U.  A simpli- 

fied method  for  histamine  analysis  of  foods.  Jin:  Abstracts 
of  the  Institute  of  Food  Technologists’  Meeting  (Philadelphia, 
PA,  0 June  l‘>77)  P 153 

77-060  FRUIN,  J.  T.  New  Books.  JAVMA  171:288,  1977 

77-061  TILL0TS0N,  J.  A.,  and  M.  S.  KARCZ,  JK.  Urinary  riboflavin 

metabolites  in  the  rat.  J tiutr  107  (7) :12b,  1977 

77-062  SAUBLRLICU,  11.,  W.  C.  CO A0,  J.  11.  SKALA  and  P.  0.  WAKING. 

Procedure  for  mechanized  (continuous-flow)  measurement 
of  serum  ascorbic  acid  (vitamin  C) . Clin  Chem  22  (l):l0j, 

197b 

77-063  BURK,  R.  F. , h.  L.  JORDAN,  JK. , and  K.  W.  KIKLK.  Some 

effects  of  selenium  status  on  inorganic  mercury  metabolism 
In  the  rat.  Toxicol  Appl  Pharmacol  40:71,  1977 

77-064  Z0L0CK,  D.  T.,  K.  L.  MORRISSEY,  and  0.  D.  BIKLE.  Some 

effects  of  1,25(011)  ,D^  on  calcium  accumulation,  calcium 
transport  and  calcium  binding  protein  in  the  presence  and 
absence  of  cyclohexinide . JJn:  Vitamin  D:  Biochemical, 

Chemical  and  Clinical  Aspects  Related  to  Calcium  Metabol- 
ism, edited  by  A.  W.  Norman  et  al.  De  Gruyter,  1977.  p 345 

77-065  CHARLES,  A.,  J.  MARTIAL,  D.  ZOLOCK,  R.  MORRISSEY,  D.  BIKLE, 

and  J.  BAXTER . Regulation  of  the  messenger  RMA  for  cal- 
cium binding  protein  by  1,25-dihydroxycholecalciferol. 

In:  Vitamin  D:  Biochemical,  Chemical  and  Clinical  Aspects 
Related  to  Calcium  Metabolism,  edited  by  A.  W.  Norman 
et  al.  l)e  Gruyter,  1977.  p 223 


434 


Publications  Accessioned  - Fiscal  Year  1977 

77-066  BIKLE,  D.  D.,  D.  T.  ZOLOCK,  R.  L.  MORRISSEY,  and  R.  H. 

HERMAN.  The  dissociation  of  1,25(011) ^O^-induced  CaBP 
production  and  alkaline  phosphatase  activity  from  calcium 
transport  by  actlnomycin  D and  cycloheximide.  In:  Vitamin  D: 
Biochemical,  Chemical  and  Clinical  Aspects  Related  to 
Calcium  Metabolism,  edited  by  A.  W.  Norman  et  al. 
l)e  Gruyter,  1977.  p 227 

77-067  KERBS,  S.,  J.  GREENBERG,  and  K.  JESRANI.  Temporal  cor- 
relation of  lymphocyte  blastogenesis,  skin  test  responses 
and  erythema  dermatophyte  infections.  Clin  Exp  Immunol 
27:526,  1977 

77-068  AKERS,  W.  A.  Sulzberger  on  friction  blistering.  Inter 
J Dermatol  16  (5): 369,  1977 

77-069  FRUIN,  J.  T.,  and  W,  S.  CLARK  JR.  Plate  count  accuracy: 

Analysts  and  automatic  colony  counter  versus  a true  count. 

J Food  Prot  40  (8): 552,  1977 

77-070  LANCASTER,  M.  V.,  J.  C.  FOYE,  and  J.  S.  JAEGER.  Visual- 
ization of  the  Trichophytin  antigen  from  Trichophyton 
mentagrophytes  utilizing  the  technique  of  isotachophoresis. 
(Abstract)  Abstracts  of  Am  Soc  Microbiol  (1977)  p 378 

77-071  KERBS,  S.,  R.  HL'TTON,  M.  LANCASTER  and  K.  JESRANI.  Desfer- 
roxamine  inhibition  of  Trichophyton  mentagrophytes. 

(Abstract)  Abstracts  of  Am  Soc  Microbiol  (1977)  p 122 

77-072  WIRTZ,  R.  A.,  and  T.  L.  HOPKINS.  Dopa  and  tyrosine  de- 
carboxylation in  the  cockroach  Leucophaea  maderae  in  re- 
lation to  cuticle  formation  and  ecdysis.  Insect  Biochem 
7:45,  1977 

77-073  WIRTZ,  R.  A.,  and  T.  L.  HOPKINS.  Tyrosine  and  phenylalanine 
concentrations  in  the  cockroaches  Leucophaea  maderae  (F.) 
and  Perlplaneta  americana  (L.)  in  relation  to  cuticle 
formation  and  ecdysis.  Comp  Biochem  Physiol  56A:2l>3,  1977 

77-074  LANCASTER,  M.  V.  and  R.  F.  SPROUSE.  Preparative  isotacho- 
phoretic  separation  of  skin  test  antigens  from  blastomycin 
purified  derivative.  Infect  Immunol  13  (3): 738,  1977 

77-075  WILSON,  H.  R. , and  D.  G.  FAIRCHILD.  Modified  Whipf's  poly- 
chrom:  A connective  tissue  stain  with  special  application 
for  demonstrating  Leishmania.  Stain  Teclmol  52  (2):105, 

1977 


Publications  Accessioned  - Fiscal  Year  1977 


77-070 


77-077 


77-07;' 


77-079 


77-080 

77-081 


77-081 


77-083 


77-084 


77-083 


MOORES,  W.  Y.,  J.  P.  liAMMON , J.  0.  CRUM,  D.  C.  WILLFORD, 

U,  C»,  kODKIA  , anil  J,  W«  CEASL1NC.  Coronary  flow  distribution 
during  continuous  and  pulsatile  extracorporeal  perfusion  in 
the  pressure  loaded  and  unloaded  swine  left  ventricle. 
(Abstract)  Fed  l'roc  Jb  (J):399,  1977 

SCIINAKEN15ER0,  0.  0.,  T.  M.  HILL,  11.  L.  JOHNSON,  K.  A. 

NELSON,  and  J.  h.  CAN11AM,  Validation  of  daily  diary— dietary 
interview  technique  to  estimate  average  daily  nutrient  in- 
takes of  individuals  and  populations.  (Abstract)  Fed  l’roc 
36  (3): 1093,  1977 

MORRISSEY , R.  L. , 0.  T.  E0L0CK,  D.  0.  HI RLE,  and  P.  11. 
MI.LLItK.  Role  of  vitamin-0  dependent  calcium  binding  pro- 
tein in  intestinal  calcium  absorption.  (Abstract)  Fed  Proc 
3b  (3): 1097,  1977 

JOHNSON , 11.  L.,  C.  F.  CONSULAR 10,  1).  l).  SCUNAKENBERO,  II. 
C1IUMMAN,  and  l>.  U,  SLHWLNNEKER.  The  effects  of  initiating 
heavy  physical  training  of  man  upon  mineral  excretions 
and  balances.  (Abstract)  Fed  Proc  3b  (3):1130,  1977 

RLA1N , (i.  J.,  and  W.  C,  15LLL.  In  vivo  effect  of  glucagon 
on  glucose  oxidation.  (Abstract)  Fed  Proc  3o  (3) :114b,  1977 

MILNE,  0.  8.  , 0.  1).  SCHNAKENBEKC,  and  l).  0.  WALLACE. 

Evaluation  of  semipurified  and  purified  diets  for  the 
laboratory  rat.  (Abstract)  Fed  Proc  3b  (3) :113b,  1977 

ASKEW,  E.  W. , A.  L.  ULCKER , V.  0.  COPPES  and  F.  15.  STIF'EL. 
Cyclic  AMI  metabolism  in  adipose  tissue  of  exercise  trained 
rats.  (Abstract)  Fed  Proc  3b  (3):1157,  1977 

CONSULAR  10,  C.  F.,  U.  1).  SCHNAKENBEUU,  11.  L.  JOHNSON,  J. 

->KA1.A,  R.  H’LTS,  and  S.  11LLL.  Evaluation  of  the  NKC  pro- 
tein allowances  during  heavy  physical  activity.  (Abstract) 

Fed  Proc  3b  (J): 1172,  1977 

BEATRICE,  E.  S.,  U.  1ALSMA,  and  S.  SCHUSCHER1XA.  Retina: 
Electron  microscopy  one  and  three  years  after  laser  expo- 
sure. (Abstract)  Invest  Ophthal  Visual  Sci,  Supplement. 

1977,  p 18 

EMI’ SON  JR.,  R.  N. , T.  J.  BbCCI,  R.  L.  MORRISSEY,  and  J.  S. 

1. HANDLER . Restriction  of  renal  lesions  induced  bv  vitamin 
1)  to  tubules  containing  calcium  binding  protein.  Am  J 
Path  82  (2):33,  197b 


4 5b 


T 


Publications  Accessioned  - Fiscal  Year  19/7 

77-086  LIEbRECHT,  b.  C.,  and  S.  T.  KELLEY,  Some  observations  of 
behavior  in  breeding  pairs  of  owl  monkeys.  (Abstract)  In: 
Abstracts  for  the  Inaugural  Meeting  of  the  American  Society 
of  Primatologists  (Seattle,  WA,  16-19  April  1977),  p 74 

77-087  KELLEY,  S.  T.,  U.  S.  MURRAY,  and  N.  L.  SAY.  Establishment 
of  an  owl  monkey  breeding  colony.  (Abstract  96)  In: 
Abstracts  for  the  27th  Annual  Session  of  the  American 
Association  for  Laboratory  Animal  Science  (Houston,  TX, 

7-12  November  1976) 

77-088  KELLEY,  S.  T.,  and  11.  C.  LEIUllECHT.  Procedures  for  obser- 
ving owl  monkey  behavior  in  a laboratory  breeding  colony. 
(Abstract)  ^n:  Abstracts  for  the  Inaugural  Meeting  of  the 
American  Society  of  Primatologists  (Seattle,  WA,  16-19 
April  1977),  p 74 

77-089  ROSS,  P.  E.,  S.  SILVERMAN,  and  T.  J.  11UCCI,  Gastro- 
intestinal transit  of  a barium  meal  in  rhesus  monkeys  with 
or  without  history  of  gastric  tympany:  Effect  of  ketamine. 
(Abstract)  jin:  Abstracts  for  the  Inaugural  Meeting  of  the 
American  Society  of  Primatologists  (Seattle,  WA,  16-19 
April  1977),  p 52 

77-090  S11R0YF.R,  E.  L.  Food  as  a vehicle  for  virus  transmission. 
(Abstract)  JAV11A  171  (10):  1099,  1977 

77-091  TYLER,  W.  S.,  L.  W.  SCllWARTE , D.  L.  DENG  WORTH,  P.  W. 

MELLICK,  and  L.  A.  ZITHIK.  Nonciliated  bronchiolar 
eipthelial  (Clara)  cell  response  to  injury.  (Abstract) 

In:  Lung  Cells  in  Disease,  Proceedings  of  a brook  Lodge 
Conference  (Augusta,  MI,  21-23  April  1976),  edited  by  A. 
bouhuys.  New  York:  Elsevier /North-Holland  biomedical 
Press,  1976.  pp  179-180 

77-092  ZOLOCK,  D.  T.,  R.  L.  MORRISSEY,  and  D.  D.  bIKLE.  The 

effect  of  1,25  DltCC  on  calcium  accumulation,  calcium  trans- 
port, and  calcium  binding  protein  in  the  presence  and 
absence  of  cycloheximide.  (Abstract)  In:  Abstracts  for  the 
Third  Workshop  on  Vitamin  D (Asilonar,  CA,  9-13  January 
1977),  p 78 

77-093  FRUIN,  J.  T.,  and  F.  J.  bAbEL.  Changes  in  the  popu- 
lation of  Clostridium  per fr ingens  type  A in  a meat  medium. 

J Food  Prot  40:622,  1977 


437 


Publications  Accessioned  - Fiscal  Year  1977 


77-094  FRUIN,  J.  T.  Microbiologic  food  standards.  (Abstract) 

In:  Abstracts  for  the  114th  Annual  Meeting  of  the  American 
Veterinary  Medical  Association  (Atlanta,  GA,  11-14  July 
1977) 

77-095  LIF.BER,  E.  R.  Thin  layer  chromatography  - A screening  pro- 
cedure for  histamine  in  foods.  (Abstract)  American  Chemi- 
cal Society  Meeting,  Chicago,  IL,  28  August  - 2 September 
1977 

77-096  CHARLES,  A.,  J.  MARTIAL,  D.  T.  ZOLOCK,  R.  L.  MORRISSEY, 

0.  D.  BIKLE,  and  J.  BAXTER.  Regulation  of  the  messenger 
RNA  for  calcium-binding  procein  by  1,23-dihydroxychole- 
calciferol.  (Abstract)  _In : Abstracts  for  the  Third  Work- 
shop on  Vitamin  D (Asilomar,  CA,  9-13  January  1977),  p 57 

77-097  BIKLE,  D.  D.,  D.  T.  ZOLOCK,  R.  L.  MORRISSEY,  and  R.  H. 

HERMAN.  The  dissociation  of  1,25(011)  .,1)  -induced  CaBP  pro- 
duction and  alkaline  phosphatase  activity  from  calcium 
transport  by  actinomycin  D and  cycloheximide.  (Abstract) 

In:  Abstracts  for  the  Third  Workshop  on  Vitamin  D 
(Asilomar,  CA,  9-13  January  1977),  p 56 

77-098  BRANDLER,  P.,  M.  M.  DAVIS,  W.  WILKINSON , L.  SYMINGTON, 

D.  D.  SCHNAKENBERC,  J.  SIEBOIJ),  R.  J.  BYRNE,  T.  M.  HILL, 

H.  MKISELMAN,  J.  E.  CAN HAM,  and  F.  C0NS0LAZI0.  An  evalu- 
ation of  an  all  commuted  ration  ashore  a la  carte  system  for 
the  Navy.  Technical  Report  No.  AD-A043439.  Natick,  MA: 

US  Army  Natick  Research  and  Development  Command,  January 
1977 

77-099  IRWIN,  G.  R. , R.  G.  ALLEN,  H,  G.  SEGAL,  A.  M.  ALLEN,  J.  R. 

PUTNAK,  H.  G.  CANNON,  and  F.  H.  TOP,  JR.  Sero  diagnosis  of 
hepatitis  B virus  infection  by  antibody  to  core  antigen. 

J Infect  Dis  136:31,  1977 

77-100  RICHEY,  J.  T. , A.  M.  ALLEN,  D.  TAPLIN,  and  P.  MERTZ.  Re- 
covery of  Staphylococcus  aureus  from  skin  lesions  under 
field  conditions:  Evaluation  of  2 candidate  media.  In: 
Abstracts  of  the  Annual  Meeting,  American  Society  for 
Microbiology  (1976),  p 7t> 

77-101  PRYSTOWSKY,  S.  D. , I.  H.  MAUMEKEK,  R.  G.  FREEMAN,  J.  11. 

HERNDON,  JR.,  and  M.  J.  1LARR0D.  A cutaneous  marker  in  the 
hunter  syndrome:  A report  of  4 cases.  Arcli  Dermatol 
113:602,  1977 


438 


Publications  Accessioned  - Fiscal  Year  1977 


77-102  GILLIAM,  J.  H.,  and  S.  D.  PRYSTOWSKY.  Mixed  connective 

tissue  disease  syndrome  cutaneous  manifestations  of  patients 
with  epidermal  nuclear  staining  and  high  titer  serum  anti- 
body to  ribonuclease-sensitive  extractable  nuclear  antigen. 
Arch  Dermatol  113:583,  1977 

77-103  PRYSTOWSKY,  S.  D. , and  J.  N.  GILLIAM.  Anti  nuclear  anti- 
body studies  in  chronic  cutaneous  discoid  lupus  erythe- 
matosus. Arch  Dermatol  113:183,  1977 

77-104  MAI BACH,  H.  E.,  and  S.  D.  PRYSTOWSKY.  Glutaraldehyde  pen- 

tanedial  allergic  contact  dermatitis  usage  test  on  sole  and 
antecubital  fossa  regional  variations  in  response.  Arch 
Dermatol  113:170,  1977 

77-105  PRYSTOWSKY,  S.  D.,  B.  VOGELSTEIN,  D.  S.  ETTINGER,  W.  G. 

MERE,  H.  KAIZER,  V.  I.  SULICA  and  W.  H.  ZINKllAM.  Invasive 
aspergillosis.  N Engl  J Med  295:655,  1976 

77-106  PRYSTOWSKY,  S.  D. , and  D.  L.  TDFFAHELLI.  Epidermal  nuclear 
immuno  globulin  G deposition  correlation  of  clinical  fea- 
tures and  laboratory  findings  in  32  patients.  J Invest 
Dermatol  67:562,  19/6 

77-107  BURK,  R.  F.  Selenium  in  man.  ^n:  Trace  elements  in  human 
health  and  disease,  Vol.  II,  edited  by  A.  S.  Prasad. 
Essential  and  toxic  elements  symposium  (Detroit,  MI, 

July  10-12,  1974).  Academic  Press,  New  York  1976,  p 105 

77-108  KURNICK,  J.  E.,  C.  R.  HARTMAN,  E.  G.  LUFKIN,  and  F.  D. 

HOFELDT.  Abnormal  sella  turcica:  A tumor  board  review  of 
the  clinical  significance.  Arch  Intern  Med  137:111,  1977 

77-109  CHARLES,  M.  A.,  J.  LAWECKI , R.  PICTET,  and  G.  M.  GRODSKY. 

Insulin  secretion  interrelationships  of  glucose  cyclic  AMP 
and  calcium.  J Biol  Chem  250:0134,  1975 

77-110  LEVIN,  S.  R.,  M.  A.  CHARLES,  M O'CONNOR,  and  G.  M.  GRODSKY. 
Use  of  di  phenyl  hydantoin  and  diazoxide  to  investigate 
insulin  secretory  mechanisms.  Am  J Physiol  229:49,  1975 

77-111  MARIASSY,  A.  T. , C.  G.  PL0PPER,  and  D.  L.  DUNGWORTH. 

Characteristics  of  bovine  lung  as  observed  by  scanning 
electron  microscopy.  Anat  Rec  183:13,  1975 


439 


Publications  Accessioned  - Fiscal  Year  1977 


77-112 


STARZL , T.  E.,  C.  W,  PUTNAM,  K.  A.  PORTER,  C.  G.  HALGRIMSON, 
J.  CORMAN,  B.  I.  BROWN,  R,  W,  GOTLIN,  D.  0.  RODCERSON,  and 
H.  L.  GREENE.  Portal  diversion  for  the  treatment  of 
Rlycogen  storage  disease  in  humans.  Ann  Surg  1713:525,  1973 


APPENDIX  B 


DIRECTORY  OF  OFFICERS  AND  SENIOR  PROFESSIONAL  STAFF 


Office  of  Che  Commander 
Commander  and  Director 


Executive  Officer 


Technical  Publications  Editor 


Program  and  Accounting  Office 
Chief 


Department  of  Administration 
Adjutant/C,  Administration 
Division  and 
Detachment  Commander 

Library  Division 

Medical  Research  Librarian 


Medical  Audio/Visual  Aid  Division 
Chief 


Department  of  Nutrition 
Chief 


Biochemistry  Division 
Acting  Chief 


John  E.  Canham,  COL,  MC 
M.D.  (Col.  of  P&S,  Columbia 
Univ . ) 

Meyer  W.  Cohen,  LTC,  MS 
M.H.A.  (liaylor  liniv.) 

Lottie  B.  Applewhite,  GS11 
M.S.  (Univ.  of  Illinois) 


David  G.  Williams,  MAJ,  MS 
M.B.A.  (Syracuse  Univ.) 


J.  Clyde  Allen,  CPT,  MS 
B.G.S.  (Univ.  of  Nebraska) 


Grace  M.  Plummer,  GS11 
M.L.S.  (Univ.  of  Texas) 


Richard  A.  Wheeler,  GS12 
(Univ.  of  Louisville) 

Marjorie  A.  Radnor,  GS09 
M.A.  (San  Francisco  State) 


Howerde  E.  Sauberlich,  PL  313 
Ph.D.  (Univ.  of  Wisconsin) 


Janes  H.  Skala,  GS14 
Ph.D.  (Univ.  of  Minnesota) 

William  Amos,  MAJ  (P),  MS 
Ph.D.  (Vanderbilt  Univ.) 


Eldon  W.  Askew,  CPT,  MS 
Ph.D.  (Michigan  State  Univ.) 


Directory  of  Officers  and  Senior  Professional  Staff  (Con't) 


John  D.  Turnbull,  CPT,  MS 
Ph.D.  (Ohio  State  Univ.) 

Martin  D.  Green,  CPT,  MS 
Ph.D.  (Univ.  of  Calif,  L.A.) 

Charles  W.  Kraut,  CPT,  MS 
Ph.D.  (Michigan  State  Univ.) 

Michael  H.  Dong,  1LT,  MS 
M.Ph.  (Univ.  of  Calif,  L.A.) 

George  J.  Klaln,  GS14 
Ph.D.  (Univ.  of  Illinois) 

David  B.  Milne,  GS13 
Ph.D.  (Oregon  State  Univ.) 

Mark  M.  Bashor,  GS12 
Ph.D.  (Vanderbilt  Univ.) 

Stanley  Omaye,  GS12 

Ph.D.  (Univ.  of  Calif,  Davis) 

Jerry  Ann  Tillotson,  GS12 
M.S.  (Univ.  of  Minnesota) 

Evelyn  L.  McGown,  GS12 
Ph.D.  (Univ.  of  Minnesota) 

Paul  P.  Waring,  GS11 
B.S.  (Loyola  Univ.) 

William  R.  Wise,  Jr.,  GS11 
M.S.  (Oregon  State  Univ.) 

Myron  K.  Knight,  GS09 
M.S.  (Univ.  of  Colorado) 

Carolyn  M.  Lewis,  GS09 

M.S.  (Univ.  of  Calif,  Berkeley) 

Richard  J.  O'Connor,  GS09 
M.S.  (San  Diego  State  Univ.) 


Food  Hygiene  Division 
Chief 


442 


John  T.  Fruln,  LTC,  VJ 
D.V.M.  (Univ.  of  Illinois) 
Ph.D.  (Purdue  Univ.) 


Directory  of  Officers  and  Senior  Professional  Staff  (Con't) 


Stephen  L.  Taylor,  CS13 
Ph.D,  (Univ.  of  Calif,  Davis) 

Ellen  R.  Lieber,  GS11 

M.S.  (Univ.  of  Calif.  Los  Angeles) 

Linda  Guthertz,  GS09 

M.S.  (San  Francisco  State  Univ.) 


Bioenergetics  Division 
Acting  Chief 


Radioisotope  Division 
Chief 


Department  of  Medicine 
Chief 


Herman  L.  Johnson,  GS14 

Ph.D.  (Virginia  Polytechnic  Inst.) 

David  D.  Schnakenberg,  MAJ,  MS 
Ph.D.  (Univ.  of  Calif,  Davis) 

Robert  E.  Morris,  MAJ,  MC 
M.D.  (Temple  Med.  School) 

Mary  J.  Kretsch,  GS12 

Ph.D.  (Univ.  of  Calif,  Berkeley) 

Robert  D.  Fults,  GS11 
B.S.  (Univ.  of  Colorado) 


Robert  L.  Morrissey,  MAJ,  VC 
D.V.M.  (Univ.  of  Illinois) 
Ph.D.  (Cornell  Univ.) 

David  T.  Zolock,  CPT,  MS 
Ph.D.  (Penn.  State  Univ.) 


Robert  H.  Herman,  COL,  MC 
M.D.  (Univ.  of  Illinois) 


Human  Studies  Division 

Chief  Sam  F.  Hull,  MAJ,  MC 

M.D.  (Baylor  College  of  Medicine) 

Clara  L.  Miller,  LTC,  AMSC 
B.A.  (Florida  A&M  Univ.) 

Daniel  D.  Bikle,  MAJ,  MC 
M.D.  (Univ.  of  Penn.) 

Ph.D.  (Univ.  of  Penn.) 


443 


Directory  of  Officers  and  Senior  Professional  Staff  (Con't) 


7 


Chief  Nurse 


Metabolic  Laboratory  Division 
Chief 


Department  of  Tropical  Medicine 
Chief 


Department  of  Biomedical  Stress 
Chief 


Barbara  Nylund  Morgan,  CPT,  MC 
M.D.  (Univ.  of  New  Mexico) 

Ph.D.  (George  Washington  Univ.) 

Cynthia  H.  DeSotnery,  CPT,  AN 

B.S,  (Univ.  of  Calif,  San  Francisco) 

M.S.  (Univ.  of  Wash.) 

Barbara  Brisentine,  CI’T,  AN 
B.S.  (Univ.  of  Maryland) 

Mary  Jo  Romano,  CPT,  AN 
B.S.  (Villanova  Univ.) 

Jacqueline  Stewart,  GS07 
B.S.  (Univ.  of  Colorado) 

Lucille  D.  Merger,  GS07 
B.S.  (Univ.  of  S.F.) 


Louis  Hagler,  COL,  MC 
M.D.  (Univ.  of  Colorado) 


Moufied  A.  Moussa,  LTC,  MS 
Ph.D.  (Univ.  of  Illinois) 

George  E.  Childs,  CPT,  MS 
Ph.D.  (Louisiana  State  Univ.) 

Ruth  Lynn  Hooper,  CPT,  MS 
Ph.D.  (Kansas  State  Univ.) 

Robert  A.  Wirtz,  CPT,  MS 
Ph.D.  (Kansas  State  Univ.) 

Anthony  J.  Luzzio,  GS14 
Ph.D.  (Kansas  State  Univ.) 

Henry  R.  Wilson,  GS12 
Ph.D.  (Rutgers  Univ.) 

Louis  C.  Rutledge,  GS12 
M.S.  (Univ.  of  Maryland) 


Edwin  S.  Beatrice,  LTC,  MC 
M.D.  (Albany  Medical  College) 


444 


A 


Directory  of  Officers  and  Senior  Professional  Staff  (Con't) 


Military  Performance  Division 


Div.  of  Non-Ionizing  Radiation 


Department  of  Dermatology  Research 
Chief 


Cutaneous  Protection  Division 
Chief 


Cutaneous  Infection  Division 
Chief 


Peter  A.  O'Mara,  III,  MAJ,  MS 
Ph.D.  (Univ.  of  Oklahoma) 

David  A.  Stamper,  GS09 
M.A.  (Univ.  of  Colorado) 

Victor  J.  Pribyl,  CS09 
15. S.  (Univ.  of  Wisconsin) 


David  I.  Randolph,  GS13 
Ph.D.  (Univ.  of  Mass.) 

Harry  Zwick,  GS13 
Ph.D.  (Univ.  of  Delaware) 

15ruce  E.  Stuck,  GS12 

M.S.  (Virginia  Polytechnic  Inst.) 

David  J.  Lund,  GS12 

B.S.  (Western  Illinois  Univ.) 

Kenneth  S.  Bloom,  GS11 
B.A.  (Penn.  State  Univ.) 


William  A.  Akers,  COL,  MC 
M.D.  (Univ.  of  Louisville) 


Stephen  D.  Prystowsky,  MAJ,  MC 
M.D.  (Johns  Hopkins  Univ.) 

David  A.  Grekin,  MAJ,  MC 
M.D.  (Univ.  of  Michigan) 

William  G.  Reifenrath,  CPT,  MS 
Ph.D.  (Univ.  of  Nebraska) 

Peter  Schmid,  GS13 

Ph.D.  (Univ.  of  Calif,  S.F.) 


John  D.  Marshall,  Jr.,  COL,  MS 
Ph.D.  (Univ.  of  Maryland) 

Jerald  F.  Baker,  LTC,  MC 
M.D.  (Univ.  of  Michigan) 


445 


Directory  of  Officers  and  Senior  Professional  Staff  (Con't) 

Robert  Hutton,  LTC,  MC  (USAF) 

M.I).  (Washington  Univ.  Med.  School) 

William  Keith,  Jr.,  CPT,  MS 
Ph.D.  (Univ.  of  Kansas) 


i 

; 

4 


Department  of  Information  Sciences 
Chief 


Biometrics  Division 
Chief 


Systems  Technology  Division 
Chief 


Systems  Application  Division 
Chief 


Michael  V.  Lancaster,  CPT,  MS 
Ph.D.  (Univ.  of  Missouri) 

Sharon  B.  Kerbs,  GS12 
Ph.D.  (Univ,  of  Wisconsin) 

June  R.  Jaeger,  GS11 

M.S.  (Univ.  of  Calif,  Berkeley) 

D.  Jan  Bibel,  GS09 

Ph.D.  (Univ.  of  Calif,  Berkeley) 

John  L.  Szurek,  CPT,  MS 

M.S.  (Case  Western  Reserve  Univ.) 

Klaus  J.  Waibel , CPT,  MS 
M.S.  (Ohio  State  Univ.) 

Raymond  W.  Serenbetz,  1LT,  MS 
B.S.  (S.U.C.E.,  Potsdam,  NY) 

L.  Alan  Hopkins,  GS11 

M. S,  (U.C.L.A.) 


Dale  A.  Harris,  GS12 

Ph.D.  (Univ.  of  Calif,  Berkeley) 

William  H.  Dailey,  GS11 

(El  Camino  College,  El  Camino,  CA) 

Jutta  Madden,  GS09 

A.  A.  (Riverside  City  College) 

Richard  A.  Nelson,  GS12 

B. A.  (Univ.  of  Calif,  Davis) 

William  H.  Langley,  Jr.,  GS11 
B.S.  (Regis  College) 


44f> 


Directory  of  Officers  and  Senior  Professional  Staff  (Con't) 

Turney  C.  Steward,  GS11 
B.A.  (San  Francisco  State) 

John  T.  Hixson,  GS09 
B.S.  (Purdue  Univ.) 

Francis  G.  Trout,  Jr.,  GS09 
(S.F.  City  College) 


Department  of  Surgery 
Chief 


Silmon  L.  Biggs,  LTC,  MC 
M.D.  (Stanford) 


Asst.  Chief 


William  Y.  Moores,  LTC,  MC 
M.D.  (Yale  Univ.) 


Division  of  Combat  Experimental 
Surgery 

Chief 


Richard  B.  Weiskopf,  LTC,  MC 
M.D.  (Albert  Einstein  Co  11.  of  Med 

Harold  I.  Friedman,  MAJ,  MC 
M.D.  (Univ.  of  Virginia) 

Ph.D.  (Univ.  of  Virginia) 

H.  Edward  Cabaud.  MAJ,  MC 
M.D.  (Univ.  of  So.  Calif.) 

Larry  C.  Watson,  MAJ,  MC 
M.D.  (Univ.  of  Texas) 

James  R.  Neville,  GS14 
Ph.D.  (Stanford  Univ.) 


Blood  Research  Division 
Chief 


Carl  C.  Peck,  LTC,  MC 
M.D.  (Univ.  of  Kansas) 

William  M.  Buchholz,  MAJ,  MC 
M.D.  (Stanford  Univ.) 

Frank  DeVenuto,  GS14 
Ph.D.  (Univ.  of  Rome) 

Gerald  L.  Moore,  GS13 
Ph.D.  (Univ.  of  Cincinnati) 


447 


Barbara  Cheney,  GS11 
M.S.  (Mt.  Hoyoke  College) 


Directory  of  Officers  and  Senior  Professional  Staff  (Con't) 


Division  of  Surgical  Metabolism 
Chief 


Operative  Services  Division 
Chief 


Department  of  Comparative  Medicine 
Chief 


Animal  Resources  Division 
Chief 


Pathology  & Comparative  Study 
Division 
Chief 


E.  Mary  Moore,  GS11 
B. A.  (Nazareth  College) 


Michael  D.  Caldwell,  MAJ,  MC 

M.D.  (Medical  Univ.  of  So.  Carolina) 


William  G.  Rodkey,  CPT,  VC 
D.V.M.  (Purdue  Univ.) 

Donald  G.  Griffin,  CPT,  VC 
D.V.M.  (Michigan  State  Univ.) 


Thomas  J.  Bucci,  LTC  (P),  VC 
V.M.D.  (Univ.  of  Penn.) 

Ph.D.  (Univ.  of  Colorado) 

John  P.  Hannon,  GS15 

Ph.D.  (Univ.  of  Calif.,  Berkeley) 


James  M.  Morris,  LTC,  VC 
D.V.M.  (Colorado  State  Univ.) 
M.S.  (Colorado  State  Univ.) 

Jerome  A.  Goldsboro,  MAJ  (P) , VC 
D.V.M.  (Tuskegee  Institute) 

Stephen  T.  Kelley,  CPT,  VC 
D.V.M.  (Kansas  State  Univ.) 

M.S.  (Kansas  State  Univ.) 

John  H.  Sudduth,  CPT,  VC 
D.V.M.  (Colorado  State  Univ.) 


Paul  W.  Mellick,  MAJ  (P),  VC 
D.V.M.  (Ohio  State  Univ.) 
Ph.D.  (Univ.  of  Calif,  Davis) 

Lance  0.  Lollini,  MAJ,  VC 
D.V.M.  (Ohio  State  Univ.) 

Emerson  L.  Shroyer,  LTC,  VC 
D.V.M.  (Ohio  State  Univ.) 

M.S.  (Univ.  of  Wisconsin) 


Directory  of  Officers  and  Senior  Professional  Staff  (Con't) 


Department  of  Logistics 
Chief 


Supply  Division 
Chief 


Health  Materiel  Officer 


Activity  Support  Division 
Chief 


Paul  E.  Ross,  CPT,  VC 
D.V.M.  (Univ.  of  Missouri) 

John  C.  Turnier,  Jr.,  CPT,  VC 
V.U.D.  (Univ  of  Penn.) 

Peter  Vanderloo,  CPT,  VC 
D.V.M.  (Iowa  State  Univ.) 

John  R.  Milt  lack,  CPT,  VC 
D.V.M.  (Ohio  State  Univ.) 


Carl  N.  Beckham,  MAJ,  MS 
B.S.  (Univ.  of  No.  Alabama) 


Henry  H.  B’-own,  MAJ,  MS 
M.  Ed.  iity  Univ.) 

Calvin  J.  , CPT,  MS 

B.S.  (Uta!  niv.) 


Lawrence  D.  Bohler,  GS12 
B.S.  (Rose  Polytechnic  Inst.) 


j 


1 1 


I 


I 


DISTRIBUTION  LIST 


US  Army  Medical  Researoh  and 
Development  Command 
Fort  Detriok,  MD  21 701 

Defense  Documentation  Center 
ATTN:  DDC-TCA 
Alexandria,  VA  22314 

Superintendent 

Academy  of  Health  Soiencea,  US  Army 

ATTN:  AHS-COM 

Fort  Sam  Houston,  TX  78234 

Dir  of  Biol  & Med  Soiences  Div 
Office  of  Naval  Research 
800  N.  i^uinoy  Street 
Arlington,  VA  22217 

CO,  Naval  Medical  H&D  Command 
National  Naval  Medical  Center 
Bethesda,  MD  20014 

Dir  of  Prof  Svcs 
Office  of  the  Surgeon  General 
Department  of  the  Air  Force 
Washington,  DC  20314 

Dir  of  Defense  Research  and  Engineering 

ATTN : Asst  Dir  (Environmental  and  Life  Sciences) 

Washington,  DC  20501 


450 


o U.S.  GOVERNMENT  PRINTING  OFFICE:  1978-789-080/6876 


